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Abstract 

COMPARE is a FORTRAN computer program resulting 
from a study to develop methods for comparative 
economic analysis of alternatives in industrial wood 
and bark energy systems. COMPARE provides complete 
guidelines for economic analysis of wood and bark 
energy systems. As such. COMPARE can be useful to 
those who have only basic familiarity with investment 
analysis of wood and bark energy systems. This report 
provides instructions on how to prepare data for 
COMPARE, information on how to use the program, 
sample data, sample output, and a listing of the 
program. 

COMPARE ranks investment alternatives according to 
the highest benefit cost ratio based on discounted 
energy values and cash flows. The use of a benefit cost 
ratio as a ranking criterion is analyzed and explained in 
an appendix to this report. ^— 
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Introduction 

This report presents a method that was developed to 
analyze investments in industrial wood and bark energy 
systems. The method is embedded in a computer 
program called COMPARE that is presented in this 
report. 

COMPARE was written in FORTRAN language which is 
widely used among forest products researchers and 
professionals. COMPARE was developed using 
facilities of the University of Wisconsin UNIVAC 1110 
computer under the EXEC 8 operating system, and is 
compatible with the Madison Academic Computer 
Center version of the FORTRAN V language. 

This report contains instructions for others who woulo 
like to use COMPARE. A user must have access to a 
computer system capable of processing the COMPARE 
program listed in the appendix. Since all versions of 
FORTRAN and all computer systems are not precisely 
the same, some minor modifications may be required in 
the program to make COMPARE compatible with other 
systems. A user should have some experience or basic 
familiarity with FORTRAN computer programs, with 
cash flow investment analysts, and with the general 

'Maintained at Madison, Wis.. in cooperation with the University of 
Wisconsin. 

'italicized numbers in parentheses refer to literature cited at the end ot 
this report. 

design or concepts of industrial energy systems that 
burn wood or bark as fuel. Several references are 
provided for general information on cash flow analysis 
(1, 2, 7, 6V concepts of wood energy systems (3, 5), and 
computer programs for economic analysis (4, 6). 
Finally, the user will create the required data which are 
used as input for COMPARE and described In this 
report. COMPARE is therefore an analytical tool, the 
results of which depend mainly on data provided by the 
user. 

COMPARE is a framework for economic investment 
analysis of alternatives in wood and bark energy 
systems. The user of COMPARE provides a set of data 
which describes two or more investment alternatives. 
With accurate data, COMPARE will calculate which 
alternative appears most economical. The following are 
some examples of applications where COMPARE may 
be useful: 

1. An economic feasibility study of a new wood or bark 
energy system at a manufacturing plant. 

2. A comparative economic analysis of using wood or 
bark fuel versus "fossil" fuel (e.g. coal, oil, or gas) 
at an industrial facility. 

3. An economic feasibility study of adding new 
equipment to an existing wood or bark energy 
system (such as fuel predryers or additional heat 
recovery devices). 

4. Research and development economic analyses of 
new wood and bark energy systems or new 
equipment design concepts. 

.   . 
 ._ 
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Program Function 

A complete listing of the COMPARE program is 
provided in the appendix. Overall, COMPARE performs 
the following series of data processing and analytical 
steps: 

READ DATA SUPPLIED 
BY USER AND ASSIGN 
PROGRAMED DATA 

FOR EACH ALTERNATIVE: 

CALCULATE 
DEPRECIATION 
ALLOWANCES 

CALCULATE HEAT 
ENERGY RECOVERY 

CALCULATE FUEL 
REQUIREMENTS 

CALCULATE 
INVESTMENT 
PARAMETERS AND 
ECONOMIC CRITERIA 

PRINT-. 
FINANCIAL 

SUMMARIES 
RANKING OF 

ALTERNATIVES 
ENERGY, FUEL 

PARAMETERS 

First, COMPARE reads the data input supplied by the 
user, and assigns programed data values for the 
analysis. 

The program then calculates depreciation for each 
investment alternative being analyzed. In data input the 
user can specify the depreciation schedule that will be 
calculated from the four schedules that are mandated 
under the Federal Accelerated Cost Recovery 
System—ACRS (1981). The choice of schedule depends 
on when the investment is put in place. The first 
schedule applies in 1981 to 1984, the second schedule 
applies in 1985, and the third schedule applies in 1986 
and thereafter. The fourth schedule is straight line 
depreciation which can be used at any time under 
ACRS guidelines. Alternatively, the user can simply 
enter a complete depreciation schedule as data input 
instead of having the schedule calculated by the 
program. 

Next, the program calculates heat recovery in Btu per 
pound of wood or bark fuel for each alternative. Heat 

recovery estimates are calculated on the basis of data 
input. The general algorithm for calculating heat 
recovery is described in a sepa-ate publication (5). 

The program then calculates the quantity of wood or 
bark, as well as alternate or auxiliary fuels (nonwood or 
bark) required to satisfy user-specified annual heat 
requirements in each of the investment alternatives. 

Next, the program calculates net cash flows and 
present value of net cash flows for each alternative. 
Net cash flow is conventionally defined as revenues 
minus operating expenses, taxes, and investments in a 
given time period. However, COMPARE only considers 
operating expenses (costs), taxes, and investment. 
COMPARE operates on the assumption that there are 
always sufficient revenues and tax liability, such that 
the full amount of depreciation allowances and 
expenses can be deducted from tax liability. Thus, in 
COMPARE the annual "net cash flows" are calculated 
as follows: The initial net cash flow occurs at the 
beginning of the first year (beginning of year 1, also 
known as "year 0"). The initial net cash flow is the old 
facility net salvage value, minus the total initial 
investment and working capital requirement. Subse- 
quent cash flows are end of year flows. Net cash flow 
at the end of the first year is investment tax credit, plus 
first year depreciation allowance times the tax rate, 
minus additional investment (for working capital), and 
annual costs (including the nondepreciable expenses 
part of investment) times one minus the tax rate. Net 
cash flows for subsequent yearo are calculated as 
depreciation allowance times tax rate, minus additional 
investment, and annual costs times one minus the tax 
rate. Net cash flow for the last year is adjusted by 
adding back the accumulated working capital and 
ending salvage value. 

The program then calculates a benefit cost ratio for 
each investment alternative. The benefit part of the 
ratio is the discounted present value of energy outputs 
which are assigned an arbitrary value by the user. The 
"cost" part is the discounted present value of net cash 
flows. In COMPARE, net cash flows represent es- 
sentially the net cost of energy, after taking into 
account investment, taxes, and depreciation. Energy 
output values are assigned in the data input in dollars 
per million Btu. The methodology and appropriateness 
of using a benefit cost ratio as a criterion is discussed 
in the appendix. 

Finally, the program calculates the heat energy and 
fuel requirements balance for each alternative in terms 
of Btu and fuel sales units. 

Data Requirements 

COMPARE data input requirements are described in 
this section of the report. Data input is partly optional 
because COMPARE contains programed values for part 
of the data. The programed values are for data that can 
be assigned typical or common values. For example, 
the higher heating value of wood or bark is assigned a 

-   •   -   - 
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value of 8,500 Btu per pound. The user may always 
refine an analysis by entering more accurate data to 
replace the programed values. The user may replace 
programed values by simply entering different values in 
the data. However, COMPARE does not contain 
programed values for some of the data (particularly 
economic data) so the user must always provide some 
of the data for program input. 

The first step in using COMPARE is to create the data 
set for each of the investment alternatives. From 2 to 
10 alternatives can be analyzed per run. It is an 
important and critical task for the user to create 
accurate data because the accuracy of results is likely 
to depend on the accuracy of the data. 

The first items of data required for COMPARE are the 
number of alternatives to be analyzed and a name or 
title for each alternative. Next, data are required on the 
physical parameters of wood and bark, and alternate or 
auxiliary (nonwood or bark) fuels in each alternative. 
The data should represent average values, and are 

intended to describe the average physical charac- 
teristics of fuels in each of the alternatives. Table 1 
describes the specific data that are required for each 
alternative. As indicated in table 1, the COMPARE 
program is provided with programed values for most of 
the data. Thus, the user does not need to provide data 
if programed values are appropriate. Table 1 shows the 
specific values that are programed for all alternatives. 
As noted in table 1, the user must provide some data 
for which there are no programed values. A set of data 
corresponding to the data outlined in table 1 must be 
entered for each of the investment alternatives. Table 1 
also gives the program name (four-letter variable code) 
for each of the items of data. 

Data are required also on the physical parameters of 
the heat recovery system for each alternative. Those 
parameters are shown in table 2 as are the programed 
values that will be used for all alternatives unless the 
user provides substitute data. A separate set of data 
corresponding to that shown in table 2 must be 
developed for each investment alternative. 

Table 1. — Description of data input parameters required by COMPARE for wood or bark fuel and auxiliary or alternate fuel for each 
investment alternative. 

Parameter description Programed value' 

(1) wood or bark fuel moisture content (as fired, 
average decimal fraction of wet weight) 

(2) weight of wood or bark fuel in ovendry pounds 
per sales ur.it 

(3) the name of the wood or bark fuel sales unit 
(maximum of 8 letters) 

(4) the ultimate analysis hydrogen content of the 
wood or bark fuel (decimal fraction of dry weight) 

(5) the ultimate analysis oxygen content of the 
wood or bark fuel (decimal fraction of dry weight) 

(6) the ultimate analysis carbon content of the 
wood or bark fuel (decimal fraction of dry weight) 

(7) the ultimate analysis nitrogen content of the 
wood or bark fuel (decimal fraction of dry weight) 

(8) average higher heating value of the wood or bark 
fuel (Btu per pound, ovendry) 

(9) type of alternate or auxiliary fuel (coded 
choice: 0-oil. 1-coal, 2-nat. r">«. 3-other) 

(10) the name of the alternate or auxiliary 
fuel (max. of 4 letters) 

(11) the name of the sales unit for the 
alternate or auxiliary fuel (4 letters) 

(12) higher heating value of alternate or auxiliary 
fuel (millions of Btu per sales unit) 

(13) combustion heat recovery efficiency obtained 
from alternate or auxiliary fuel (decimal 
fraction of higher heating value)                

(2) 

(!) 

(') 

0.06 

0.41 

0.50 

0.01 

8,500.0 

<0) (1)            (2) (3) 

OIL COAL       GAS (') 

8BL. TON        MCF (') 

6.3 24.0          1.0 (') 

0.8 0.67         0.76 (') 

Program 
variable 
name 

AFMC 

AWRU 

RFS1 and 
RFS2 

AVHC 

AVOC 

AVCC 

AVNC 

AHHV 

NCAF 

AXFT 

AFSU 

HHVU 

CHRE 

'Programed values are used in the analysis unless the user enters substitute data. 

'Indicates parameter must be supplied by user (no programed value). 

• 
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Table 2. — Description of data input parameters required by COMPARE for the heat recovery system in each alternative 

Heat recovery system parameters 

Parameter description 

(14) essential annual heat energy requirements, 
or essential heat energy output of the 
system in millions of Btu per year 

(15) surplus heat energy output in millions of 
Btu per year 

(16) maximum quantity of wood or bark fuel 
available for use per year (sales units) 

(17) temperature of flue or stack gases just 
beyond heat recovery devices of the 
system when burning wood or bark fuel (°F) 

(18) temperature of the wood or bark fuel 
entering the furnace (°F) 

(19) temperature of the combustion air entering 
the furnace (°F) with wood or bark 

(20) excess air entering the furnace, as a 
decimal fraction of theoretical air needed 
for combustion, when burning wood or bark 

(21) "conventional"   heat   loss   (decimal   fraction 
of available heat of combustion that is 
lost via radiation, convection, conduction, 
etc.), when burning wood or bark 

(22) the decimal fraction of Btu output which 
is designed to be derived from wood or 
bark fuel when such fuel is available 
and used (remaining fraction is derived 
from auxiliary fuel)  

Programed value 

<2> 

(') 

(') 

500.0 

60.0 

60.0 

0.40 

0.04 

0.0 

Program 
variabl« 

name 

EBTU 

SBTU 

RAVL 

ASGT 

ATRF 

ATCA 

AEAF 

ACHL 

AFBA 

'Programed values are used unless the user enters substitute data. 

'indicates parameter must be supplied by user (no programed values). 

Finally, data are required on the economic parameters, 
for which there are no programed values, associated 
with each alternative. Table 3 outlines the required 
economic data, all of which must be entered by the 
user. A separate set of data corresponding to that 
shown in table 3 must be provided for each investment 
alternative. 

The data outlined in tables 1 to 3 describe fully the 
pertinent physical and economic parameters of each 
alternative. There must be a title and a set of data 
corresponding to the data outlined in tables 1 to 3 for 
each alternative. 

A Compare Analysis Example 

The following is an example of analysis using the 
COMPARE program based on hypothetical sample 
data. Three investment alternatives in energy systems 
for a hypothetical forest products manufacturing 
facility are compared. The first is to continue operating 
a fully depreciated boiler system that uses natural gas 
fuel and requires no new investment. The second, 
requiring an investment of $1,428,000, is to install a 
wood fuel and supplementary oil burning furnace and 

boiler to burn available wood residues. The third 
alternative is to install a larger wood fuel and coal 
burning furnace and boiler requiring an investment of 
$1,828,000. The second and third alternatives allow 
surplus heat energy output. 

Under all three alternatives, the energy system will 
satisfy the essential process heat energy requirements 
of the wood products facility. Heat energy is required, 
for example, as process steam and for space heating. 
Essential heat energy requirements are 252,230 million 
Btu per year. The critical question is, which of the three 
investment alternatives is most economical? Sufficient 
data have been obtained to use the COMPARE program 
to analyze the three alternatives. The sample data and 
analysis results are provided here. Again, this is purely 
an illustrative example. Results are not applicable in 
general to other cases. 

Data Input Format 
The sample data illustrated in figure 1 describe each 
of the three investment alternatives. Data input is 
prepared for COMPARE using specific data format and 
instructions described in this section of the report. The 
data include the number of investment alternatives, the 
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Table 3. — Description of economic dala parameters required by COMPARE 

Economic parameters 

Parameter description 

(23) the capital investment in new assets required to undertake the investment alternative or project tin dollars at the 
beginning of the first year of the planning period —year 0) 

(24) the working capital requirements needed to undertake the project (dollars required at year 0) 

(25) the nondepreciable expenses required to undertake the project (dollars at year 0) 

(26) the salvage value, if any. from salvage of olo assets (in dollars, after taxes, at year 0) 

(27) the aftertax salvage value of new assets at the end of the last year of the planning period (in dollars) 

(28) the discount rate used for discounting future aftertax net cash flows to present value (decimal fraction) 

(29) the effective tax rate on ordinary income (decimal fraction) 

(30) depreciation schedule for new assets ,coded choice. 1—ACRS schedule for 1981 to 1984. 2—ACRS schedule 
for 1985. 3—ACRS schedule for 1986 and thereafter. 4—straight line depreciation, 0 or other—user enters 
depreciation, or no depreciation considered) 

(31) the number of years in the plar ning period (1 to 20) 

(32) the number of years in the depreciation period (usually 5 years for most manufacturing related combustion 
equipment) 

(33) the investment tax credit afforded by investment in new assets (dollars at end of year 1) 

(34) the annual rate of increase or inflation in total working capital requirements 

(35) total annual variable costs, excluding depreciation, during each year of the planning period (in dollars 

(36) total annual fixed costs, excluding depreciation, during each year of the planning period (in dollars) 

(37) value of essential heat energy outputs in dollars per million Btu 

(38) value of surplus heat energy outputs in dollars per million Btu 

(39) average value of auxiliary or alternate fuel during each year of the planning period (in dollars per fuel sales unit) 

(40) average value of wood or bark fuel during each year of the planning period (dollars per fuel sales unit) 

(41) (optional) annual depreciation allowances for new assets during each year of the planning period, in dollars 
(required only if parameter 30 is not spec;fied as 1, 2. 3, or 4, or if the user does not intend to have 
depreciation calculated on the basis of parameter 30) 

Program 
variable 

name 

IVST 

WCRQ 

IEXP 

CSAL 

FATS 

DISR 

TXRT 

NDEP 

NYRS 

NYRD 

ITCR 

INRT 

VCST 

FCST 

HVAL 

SVAL 

PAXF 

RVAL 

DEPR 

Note: Each of parameters 35 to 40 may be specified optionally as the first-year ^alue and an estimated annual rate of increase. The 
computer will calculate the appropriate values for all other years in the planning period. All dollar amounts should be in terms of actual 
dollars (not indexed, "real," or constant value dollars). 

title of each alternative, and the 41 items listed in 
tables 1 to 3. In most data processing facilities such 
data can be entered either by using keypunched data 
cards, or by writing the data on a tape or disk file. Data 
format is the same whether the computer reads a card 
deck, or a file. (It is important to follow the instructions 
provided here because if the correct format is not used 
the program may not function properly.) The 
instructions are given on a card by card basis, 
assuming the user will prepare a data card deck. The 
same format would apply if the user prepared a data 
file on disk or tape except that the data would be 
entered line by line on the data file instead of on cards. 

Six types of cards must be used to prepare data in 
order to use the COMPARE program. The program 
variables and the format used on the six types of data 
cards are shown in figure 2. The six types of data cards 
are prepared as follows: 

Card type 1.— The first card in the data deck (or first 
line in a data file) is always the type 1 card and only 
one to a deck. The only data on the type 1 card is the 
number of investment alternatives to be considered in 
the analysis. The program name of this entry is NALT. 
The user may specify an integer number from 2 to 10, 
which will correspond to the number of alternatives. 
The number is entered in the first two columns justified 
to the right (using FORMAT (12)). 

Card type 2— The titles of the investment alternatives 
are entered separately on type 2 data cards with one 
card for each alternative. There will be from 2 to 10 
type 2 data cards, depending on the number of 
alternatives specified (NALT). For example, if three 
alternatives are specified, there will be a separate title 
for each and one type 2 data card for each title. Each 
title can be up to 80 columns wide (using FORMAT (20 
A4)). Furthermore, the sequence in which the titles are 

• 

•: 
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entered determines the sequence in which remaining 
data are entered. 

Card type 3.—Type 3 cards contain data on physical 
parameters of wood and bark fuel for each alternative. 
All of the parameters (1-13) described in table 1 are 
entered on type 3 data cards. The number of type 3 
cards must be the same as the number of alternatives 
(NALT). Type 3 cards are prepared in the same 
sequence of alternatives as type 2 cards. The format 
for data entry is illustrated in figure 2. 

If programed values are appropriate then the user does 
not have to enter the data. Four of the data items, as 
noted in table 1, have no programed values (AFMC, 
AWRU. RFS1 and RFS2, and NCAF). The user must 
always enter data for those items. However, any of the 
other items on type 3 data cards may be left blank, in 
which case the programed values shown in table 1 will 
be used. 

Card type 4 —Data on the physical parameters of the 
energy system as outlined in table 2 are entered next 
on type 4 data cards. The number of type 4 cards is the 
same as the number of alternatives (NALT), and are 
prepared in the same sequence of alternatives as the 
type 2 cards. All of the data outlined in table 2 
(parameters 14-22) are entered on the type 4 cards. The 
format for data entry is illustrated in figure 2. Values 
for the parameters EBTU. SBTU, and RAVL must always 
be entered by the user. Values for the other items need 
not be entered if programed values are appropriate 
(programed values are given in table 2). 

Card type 5—Type 5 data cards are used to enter part 
of the economic parameters outlined in table 3 
(parameters 23-34). One type 5 data card is prepared for 
each of the alternatives (NALT), again using the same 
sequence of alternatives as the type 2 cards. This 
format is also illustrated in figure 2. Values for all 
economic parameters must be entered by the user 
because COMPARE has no programed values for 
economic data (none of the entries on the type 5 data 
cards should be blank, unless an entry of zero is 
intended). 

Card type 6.—The last type of data card, type 6, is used 
for entering the remaining economic data (parameters 
35-41 from table 3). Type 6 data cards differ from 
previous cards in that only one parameter for each 
alternative is entered on each type 6 card. Values for 
the following parameters are entered separately on 
type 6 cards: VCST, FCST, HVAL, SVAL, PAXF, RVAL, 
and optionally, DEPR. For each parameter, a value is 
required for each year in the planning period for each 
alternative. The number of years in the planning period 
(or economic life) of each alternative is the number 
specified for NYRS on the type 5 data card. 

There are two options for entering data on type 6 cards. 
One option is to enter data values for each year of the 
planning period for each alternative. The second option 

is to enter only a first-year value followed by a decimal 
fraction which represents the annual rate of increase or 
decrease in the first-year value. Under the second 
option, the user does not have to provide estimates for 
each year of the planning period. Under that option, 
COMPARE will compute values for years following the 
first year by compounding the specified annual rate of 
increase or decrease over the entire planning period. 

The sequence of data entry for type 6 data cards is as 
follows: First, the appropriate values are entered for the 
parameter VCST for the first alternative (using the 
sequence of alternatives established by type 2 cards). 
Only one card is required per alternative to enter values 
for VCST if the number of years in the planning period 
is 10 or less, or if a first-year value plus annual rale of 
increase is entered. Two cards are required if values for 
each year are entered and the number of years exceeds 
10. After values for VCST are entered for the first 
alternative, values for VCST are entered for each of the 
remaining alternatives (again, following the sequence 
of alternatives established by type 2 cards), using the 
same instructions as for the first alternative. After 
VCST values have been entered for each of the 
alternatives, values for other parameters (FCST, HVAL, 
SVAL, PAXF, and RVAL in that sequence) are entered in 
the same way as VCST. Values for each alternative are 
entered before going to the next parameter. Again 
annual values for each year of the planning period may 
be entered; or optionally, just the first-year value (col. 
1-8) plus the annual rate of increase as a decimal 
fraction (col. 9-16) may be entered. 

COMPARE can calculate annual depreciation 
allowances based on user-specified investment in new 
assets, depreciation period, and selection of the 
appropriate schedule. The choice of depreciation 
schedule is made by the user in selecting the 
appropriate code for the variable NDEP for each 
alternative (1 for 1981 to 1984 ACRS schedule, 2 for 
1985 ACRS schedule, 3 for 1986 and thereafter ACRS 
schedule, and 4 for straight line). Alternatively, the user 
can elect to enter annual depreciation allowances 
instead of having allowances calculated by the 
computer. That option is indicated by specifying some 
code value other than 1, 2, 3, or 4 for NDEP (e.g. by 
specifying 0 for example). If the user thus elects to 
enter annual depreciation data, the data are entered on 
type 6 cards, following the cards for RAVL, using the 
same sequence of alternatives. An allowance value 
must be entered for each year in the planning period. 
One card is required if the planning period is 10 years 
or less, two cards are required if the planning period is 
11 to 20 years. No cards are required if codes 1, 2, 3, or 
4 are specified for NDEP for a given alternative. 

Sample Data 
As illustrated with the sample data in figure 1, there 
is one type 1 data card (line 1), which specifies the 
number of alternatives ("3" in col. 1-2). There are three 
type 2 data cards which give the descriptive title of 
each alternative (lines 2-4). three type 3 data cards (lines 

•- -..-^ .-."...  -  .   ..... •—.—. 
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5-7); three type 4 data cards (lines 8-10 in fig. 1); and 
three type 5 data cards (lines 11-13 in fig. 1). Finally, 
there are 18 separate type 6 data cards (lines 14-31, in 
fig. 1). 

Sample Program Output 
When a COMPARE analysis is made with the sample 
data shown in figure 1, the results are the printed 
output shown in figure 3. The output consists of three 
parts. Part I of the printed output (the first two 
pages in fig. 3) has financial summaries for each of 
the three alternatives. The financial summaries show 
the investment parameters, fuel costs, and cash flows 
associated with each alternative. Annual net cash 
flows and present value of net cash flows are also 
provided. 

A ranking of alternatives according to benefit cost 
ratios is found in part II of the printed output (one 
page). In the sample output (fig. 3), alternative 3 is 
ranked highest, with alternative 1 ranked lowest, 
according to benefit cost ratios. Generally, benefit cost 
ratios reveal the most economical of any two 
alternatives, provided that two sufficient assumptions 
can be made. The assumptions are that both 
alternatives will be replaced at the end of their 
economic lives by replacement projects which (1) have 
the same benefit cost ratio and carry the planning 
periods forward to an equal planning period for both 
alternatives, and (2) the replacement projects will have 
a benefit cost ratio that is between the ratios of the 
two alternatives evaluated over their current economic 
lives. The validity of benefit cost ratios as criteria and 
the two sufficient assumptions are discussed in the 
appendix. 

Part III of the printed output (including tables 1-4 of the 
output) provides detailed information on the heat 
energy and fuel balance for each alternative. Table 1 of 
the output shows heat energy requirements and the 
proportions of energy requirements that are met by 
wood fuel and alternate or auxiliary fuel for each 
alternative. Table 1 also shows amounts of wood and 
alternate or auxiliary fuels that are needed annually to 
meet the energy requirements. Table 2 describes 
physical characteristics of the wood fuel and shows 
the amount of heat energy calculated as recoverable 
from the wood fuel (the recoverable heat energy 
estimate is used in COMPARE to determine the 
quantity of wood fuel required in each alternative based 
on heat output). Table 3 provides parameters related to 
the auxiliary or alternate (nonwood or bark) fuel. Table 
4 shows selected parameters in terms of International 
System (SI) units. 

Program Restrictions 

COMPARE was developed as an analytical tool to aid 
in evaluating project feasibility, and as a research tool 
for economic evaluation of energy system alternatives. 
It is important for the user to recognize that parts I and 
III of the program output are not adequate to rank and 

compare investment alternatives. For valid comparison 
of alternatives, the user must refer to part II of the 
program output, which contains the benefit cost ratios. 

COMPARE is quite versatile, being able to simulate a 
variety of different types of investment alternatives. 
Yet, the structure of analysis is somewhat restricted by 
the structure of COMPARE data input and program 
output. Restrictions could be removed by making the 
COMPARE program more complicated, but in its 
current form COMPARE balances sophisticated 
analysis and simplicity of data input. Some of the 
restrictions are discussed here. 

One restriction is that COMPARE can simulate the use 
of only one type of wood or bark fuel and only one type 
of auxiliary or alternate fuel under each alternative. In 
order to simulate the use of more than one type of 
wood or alternate fuel it is necessary to enter data that 
simulate average parameter values. COMPARE could 
be reprogramed to handle data for more than one type 
of fuel in each alternative, but again that would add 
complexity. 

Another restriction is that for each alternative 
COMPARE permits only one estimate of annual heat 
energy requirement, which remains the same for each 
year in the planning period. In some cases, it might be 
useful to assume that heat energy requirement changes 
during the planning period, but that sort of assumption 
cannot be handled by COMPARE in its current form. 
Again, the restriction could be removed by 
reprograming COMPARE to accept and analyze 
additional data input. 

Another limitation is that COMPARE is designed for 
analysis of wood or bark energy systems that involve 
combustion and heat recovery from combustion gases, 
as opposed to energy systems that do not involve 
combustion. COMPARE contains an algorithm which 
calculates the recoverable heat energy from 
combustion of wood or bark fuels, and uses the 
recoverable heat estimate to determine heat output per 
unit of fuel and amount of fuel required. A user should 
understand that COMPARE is designed to calculate 
recoverable heat energy on the basis of physical 
parameters given in tables 1 and 2. The recoverable 
heat estimate is essentially the maximum amount of 
heat energy that will be recovered (e.g. in the form of 
steam) given the specified physical parameters. 
However, some circumstances could result in actual 
heat output being less than estimated recoverable heat 
energy. Those circumstances include situations where 
the furnace and boiler system are used very 
intermittently, or where heat energy is wasted after it is 
recovered. Such circumstances generally are assumed 
not to apply in any of the alternatives the user 
specifies. 

Summary 

COMPARE has considerable versatility and can 
simulate a variety of different types of investments in 
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wood energy systems. COMPARE allows considerable 
latitude in specification of the fuel type and associated 
physical parameters, parameters of the energy system, 
and financial and economic data. COMPARE was 
developed at the Forest Products Laboratory as an 
analytical tool for a variety of users; researchers, 
managers, engineers, and industrial consultants. It is 
intended that COMPARE will contribute to wise and 
efficient use of forest resources in the area of 
industrial energy systems. 
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Card Type 1: FORMAT (12) 

1  4   5 6   I   8  9 IOI i ,! ,J i»i5 ,6   • >8  9 20 2i 77 23 24 25 2(2' 28 29 30 3   52 11 1< 3S !( 3' 3t 39 «3 41 42 »3 44 .3 »6 4' «6 49 50 5. 42 S3 54 Si 36 5' SB 49 M 6 62 61 6* 65 66 6' 68 tit '   '2 '3 •> '5 76 '• 'I ^ *: 

t\ 

Card Type 2: -ORMA T (20A4) 

2   3   <   5   6   *   8  9  10 u   2 3 14 IS .6 1 18   9 20 21 22 23 24 25 26 2'2« 2» 30 3i 32 11 14 35 36 37 »39 40 41 42 4144 45 46 4? 46 49 SO Si 52 41 44 SS 46 5' 58 59 60 d 62 61 64 65 66 6' 6» 69 *J '   '2 '3 '4 '5 "6 77 •! -. . 

Card Type 3: FORMAT (F5,F6,2A4,4(F5).F6,I1,2A4,F5,F4) 

2»l» li 12 U l(hs 16 3' 1(39 404742414444146 47 ~ 49 40 61524344655652»» S0 6i 62 6lfc> 65 6) ]."  T     ~   Tl , T 
I      AVCC        I       AVNC AHHV    XlCA^AXFT AFSU    I       MMVU CHRE    I 

2   1   4   4|6   7   8   9   '0     12 .3 .4   5   6    '   !   9 20 7. 22 23 24|24 2(2'2»2»l30 3i 32 31 14bs it 1' 1» > 6.- 68 69 70 7. 72 71 '4 '5 ^ 7"B ^ 80 

AFMC       | AWRU RFSl 4 RFS2 AVHC       I       AVOC       I      AVCC       I       AVNC 

Card Type 4: FORMAT (4F10.3F5.2F4) 

jTijuin 2   1   446   7 ' B  9 'toll I'llllj'i« I5'i6i7 18 i9 20 ** 21 2221 24 25]K;27 2» 29|JfJSl 32 13 34 15 36 37 38 39 4C 41 42 43 44 45 

i R I '     I 
46 47 48 49 50 51 52 43 44 44 46 47 58 M 60 6. 67 63 64 65 66 67 68 69 10 »I '2 73 74 '4 76 77 78 79 80 

Card Type 5: FORMAT (5F10,2F4,I1,I2,F9,F6) 

2   3 4   S'S; t[t   J'lfl n t2i3f«!il'ie'ir:it 19 20 21 22'21 24 25 26:27 28 29X 31 32 33 34 35 3637 38 19 40 41'42 43 44 43 46 47 48 49 50 it 52 41 54 54 46 4' 5» 59 SO 6. 52 61 64 65 66 67 68 69 70', 72 7174 75 76 77 76 79 60 

1   1   1   1   II   1 
|    |        i   ii 

_1 1 
IVST vVCRO IEXP CSAL FATS OISR TXBT'NDEF^NYR? NYRT>      ,TCR INRT 

Card Type 6: FORMAT (10F8) 

23456   7   8  9 iQil I2 13 14 15 16 17 18 19 20 21 22 23 2< 24 26 27 28 29 30 51 32 33 34 35 36 17 IB 19 40 41 42 41 44 44 46 47 48 (9 50 51 52 51 54 55 56 i7 S6 59 60 61 62 63 64 65 66 67 68 69 70 71 '2 7174 75 76 77 78 79 80 

VCST 
FCST 
HVAL 
pYAr (Data (or these parameters may be entered by entering annual values lor each 
RVA, parameter and tor each alternative Optionally, data may be entered by entering only 

loplionjli     • pern roll year values in columns 1-8, and entering annual rate of increase tor the parameter 
in columns 916. except for the parameter DEPR I 

Figure 2—Data card format and program parameters for card types 1-6. (ML83 5083I 
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PART I.  FINANCIAL SUMMARIES 

FINANCIAL SUMMARY--ALTERNATI VF   I 

F I »ST ALTERNATIVE - RETAIN OLD RnILER SVSTFM FOR FIVF. YEARS (GAS FIRED) 

INVESTMENT PARAMETERS (YEAR 0}! ENDING NET SALVAGE I»MR SM 30000. 
DEPRECIABLE ASSETS - - - $ 
NONOFPREC. EXPENSES- - - *> 
WORKING CAPITAL- - - - - $ 
OLD FACILITY NET SALV. - * 

0. 
0. 

FFFfcCTIVE ANNUAL TAX PATE - - - -  .350 
HEAT ENERGY REQUIREMENTS AND OUTPUT; 

20000.   ESSENTIAL REQ. - -    252230. MMRTU/YR, 
0.   TOTAL OUTPUT - - -    252230. MMRTU/V». 

ANNUAL COSTS, DEPRECIATION AND AVERAGE ANNUAL 
COST PER MMRTu OF TOTAL ENEPGY OUTPUTS 

FUEL COSTS OTHER VAR. FIXED OEPRF- C"ST/ 
wOOU -RAH« C-AS COSTS COSTS C1 ATION WMHTl) 

% * $ * % f 
YEAR 1 o. 171?378. 35000. 70000. 0. 7.3? 
YEAR 2 o. 2177973. 10250. «OSO". 0. 9.1 1 
YEAR 3 o. 2722166. 162B7. 92575. 0. 11 .3a 
YEAR a o. 3105083. 53231 . 1 0foi61 . o. ia.13 
YEAR 5 o. 1253853. 61215. 122130. o. 17.59 

BEFORE TAX NET EXPENSES, INVESTMENT TAK CREDIT, ADDITIONAL INVESTMENT (WORKING 
CAPITAL) AND AFTER TAX NET TASH FLOw INCLUDING SALVAGE  (END OF YEAR VALUES)! 

BEFORE TAX TAX ADDITIONAL AFTER TAX 
NET EXPENSES CREDIT INVESTMENT NET CASH FLOw 

% $ * s 
YEAR 0 0. -?0O00. 
YEAR 1 1817378. 0. 3600. -1201396. 
YEAR 2 2298723. I2a8. -119811«. 
YEAR 3 2861329. 5013. -1861«7b. 
YEAR a 3562771. 5915. -232171». 
YEAR S UÜ37UR9. 6980. -2MS599. 

PRESENT VALUE (YEAR 0) OF AFTER TAX NET CASH FLOWS! 

%   -5S9U62U.   AT ?0.0 PERCENT ANNUAL DISCOUNT RATE 

FINANCIAL SUMMARY--ALTERNATIVE   2 

SECONO ALTERNATIVE. - INSTALL NEW WOOD AND OIL FIRED SYSTEM 

INVESTMENT PARAMETERS (YEAR 0): 
DEPRECIABLE ASSETS - - - * 112800". 
NONDEPREC. EXPENSES- - - f 50000, 
WORKING CAPITAL- - - - - % 70000. 
OLD FACILITY NET SALV. - * 800O0. 

ENOING NET SALVAGE (YEAR 10)* 160000. 
FFFFCTIVE ANNUAL TAX RATE - - - - .350 
HEAT ENERGY RFQUIREMFNTS AND OUTPUT; 
ESSENTIAL RFQ. - -    252230. MMBTU/YR. 
TOTAL OUTPUT - - -    352230. MMBTII/YR. 

ANNUAL COSTS, DEPRECIATION AND AVERAGF ANNUAL 
COST PER MMfljU OF TOTAL ENERGY OUTPUTS 

FUEL COSTS OTHER VAR. FIXFD OEPRE- COST/ 
WOOD-BARK 

222311. 

OIL COSTS 
% 
75000. 

COSTS 
* 
90000. 

CIATION 
t 

211200. 

MMHTU 
f 
2.51 YEAR 1 293525. 

YEAR 2 21157«. 366906. 86250. 103500. 311\60. 3.17 
YEAB 3 269036. 158633. 991H7, 1 1902«^. ?9RB80. 3.5U 
YEAR a 2959U0. ^73291. 111066. 136S79. 299880. 8.01 
YEAR 5 325531. 716611. 131175. 157U11. 29R«8". 1.63 
YEAR 6 358087. 895767. 150P52. 181022. 9. 1.50 
YEAR 7 393896. 1119709. 1 ?3'J«0. 208175. 0. 5.38 
YEAR 8 133285. 1399636. 19R501. 239U02. 0. 6.15 
YEAR 9 176611. 1 7<i9<ju5. 229u?7. 27S312. n. 7.75 
YEAR 10 521275. 21*6932. 2638U1. 316609. o. 9.35 

Figure 3. — Sample program output. 
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REFOWF TAX TAX APDI T IONAL AFTEP TAX 
NFT tXPfcNSFS OF HIT INVEST»?M MF T CAS" FLP» 

1 1 s % 
5000ft, -1450500. 
3O50&O. 500000. 12600. 1 |0*05. 

1 11S3°5. 14*6*. -42571a. 

12Ü57&1 . 1754«. -5<>7409. 

1 u?()0S5. 207»?. -64365«. 

1&3061 3. 24429. -7*4447. 

15*572*. 2*826. -ios9suo. 
1"05?M>. 5<J0|U. -12650*$. 

2271*25. «01J7. -1516*23. 
2730*9». 473ö2. -1P22UU5. 
3201657. 55**7. -I66OO05. 

H.1^—• * '." ".* -T •'.* -.* '.''-,* •'''•'•   l L       ••     •'      '      •      .».•.• ' .'»,•••       1 '   1      •   1   I      •      « ••.   ••% ...»•,«..••,   •      .      .  1 • !       ...      !     n n^nwyfl 

REFOPF    TAX    NET    EXPENSES,    i*JVFSTMfKT    TAX    C«EOIT,    ADDITIONAL     INVESTMENT    (-0RK1NG 
CAPITAL)    ASP    AFTER    TAX    N£ T    CASH    FL"H    INClUOINf.    SALVAGE     (FNO    0*     »FAR    VALUE«): 

YEAR 0 
YEAR 1 
YEAR       2 
YEAR 3 
YEAR a 
YEAR 5 
YEAR 6 
YF AD 7 
YEAR « 
YF AR 0 
YEAR 10 

PRESENT    vALUt     (YEAR    (I)    OF    AFTFR    TAX    NFT    CASH    FLf>*S! 

I   -4?6P040.       AT    20.0   PEÄC'NT    ANNUAl    f>I8C0"NT    BATE 

FINANCIAL    Sl'MMApy._4| TER^'ATIVE       3 

THIRD   ALTERNATIVE   -   TNSTALl    NE.<   »000   AND   CQ*l   FIRFO   SYSTEM 

INVESTMF'IT    PARAMETER?     (YEAC (i ) • FNPING    NET    SALVAGE     (YFAP    10)$          200000. 
DEPPEClArtlF    ASSETS    -   -    -    f \r>?i>nr><i, fFFI-CTIVt    ANNUAL     TA«    RATE    -   -    -   -       .350 
NriNOFPREC.    FxPFNSES-   -   -   I 70000. MEAT   ENERGY   RF Q'l IRF HE NT S   AND   OUTPUT I 
WORKING   CAPITAL-   -   -   -   -   * 90000.        ESSFMTIAL   PFO.   -   -           252230.   KMHTH/YR, 

OLD   FACILITY   NET   SALV.   -   * *oOno#         TOTAL   fl'iTPiiT   -   -   -           «02230.   MMRTM/YR, 

ANNUAL    COSTS»    OFPRFCIATTOM    MT)    »vEPAQF    ANNUAL 
COST   PfP    MMBTM   OF    TOTAL    FfvFPGY    OUTPUTS 

FUEL    COSTS OTHFR   VAP. FIXED 
WOOO-RAR* can COSTS COSTS 

% \                         *                         * 
YEAR  1     225b04. 3251*6. 900OO. 100000, 
YFAP  2     24*26«. 37306a. 103500. MSflftO. 
YEAR  3     27309J. 43005«. 11°02S. 13^250. 
YEAR  4      300JOO. 49US67. 136*79. 1520*7. 
YEAR  5      330U30. 56*752. lS7all. 174901. 
YFAP  6     363«*3. 65UP65. 1*1022. 201136. 
YEAR  7     309*31. 752175. 20*175. 231306. 
YEAR   *      439*1«. *65001. ?3O40t>. 266002. 
YEAR  0     4«370e. 094751. 275312. 305002. 
YEAP 10      532176. 11U306U. 316600. 3517»". 

BEFORE TAX NFT FxPENSFS, INVESTMENT TAX CREDIT, ADDITIONAL f*lVEST*HlT f^OR^lNG 
CAPITAL)  AND AFTfC TAX NET CASH FLOk INClL'OTNr. SALVAGE  fF.NP OF YEAR VALUES)? 

»FFi'RE TAX TAX       APnITlUMAL AFTER TAX 
MET FXPFMSES CRFOIT    INVEST»?»! MET CASH FLO« 

%. %                                x, 1 

YEAR  0             70000. -1**3500. 
YEAR  1           11)50*0. 650000.        16200. 2«*10«. 
YEAR  2          12«2*«*. 10116. -«2«*33. 
YEAR  3           133*30«. 22557. -50*57«. 
YEAR  U            1467*13. 26617. -506*15. 
YEAP  5           1615383. 31«0*. -6°7527. 
YEA«  6           130070h. 37062. -046*71. 
YEAR  7           15014**. U3733. -107*200. 
YEAR  fl          1*10210. 5ih05. -122*247. 
YEAP  0            205O781. 60*041. -130073*. 
YEAR 10           23««5S6. 71*5«. >-0?«7S7. 

PRESENT VALUE  (YEAR 0) PF AFTFR T»x NET CASW FLO*S: 

« -«15fl«3b.   AT 20.0 PERCENT ANNUAL DISCOUNT RATE 

Figure 3.—Sample program output (continued). 
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DEPRE- COST/ 
CIATION fMPTU 

* « 

274200. 2.52 
402160. 3.0O 
3*3**0. 3.33 
3M»«0. 3.65 

3*3**0. 4.02 
0. 3.4« 

0. 3.06 
". 4.50 

1». 5.12 
". S.«3 
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PART II.  BENEFIT COST RATIOS FOP ALL ALTERNATIVES 

FIRST YEAR HEAT ENERGY VALUES (USER SPECIFIED) AND DISCOUNTED 
PRESENT VALUE OF MEAT ENERGY FOP EACH ALTERNATIVE: 

HEAT ENERGY VALUE (S/MMBTU) 
ESSENTIAL SURPLUS 
ENERGY ENERGY 

ALT 1 6.00 
ALT 2 6.00 
ALT  J    6.00 

PRESENT VALUF OF HFAT ENERGY   DISCOUNT 
(HASFD ON (INCLUDING     RATE 
ESSFNTIAL) SURPLUS)    (RCT.) 

s.so 630S7S0. 
s.so l?bl1400. 
s.so 1?611«00. 

630S7S0. 
17l<)4»33. 
10086100. 

?0.0 
20.0 
20.0 

RANKIMG   OF   ALTERNATIVES   RY   HIGHEST   BENEFIT   COST   RATIO 
(RATIO   ÜF   P.V.   OF   HEAT   ENE°GY   OUTPUT    TO   P.V.    nF    AFTER   TAX 
NET   CASH   FLO*)   BASED   CN   ESSFNTIAL   HEAT   £NF"GY   REQUIREMENTS: 

B/C    RATIO REOIJIPFD   NFT    INVESTMENT 

ALT 3 5.05 
ALT 2 ?.»e 
ALT 1 1.17 

1O0B0O0.0 
lüfcPOOO.O 
20000.0 

RANKING OF ALTERNATIVFS "V HIGHFST BENEFIT COST RATIO 
BASED ON TOTAL HEAT ENERGY PUTPliT (INCLUDING SURPLUS): 

B/C   PATIO RFCJUIRED   NfcT    INVESTMFNT 

ALT 5 
ALT 2 
ALT      1 

U.6« 
U.OÜ 
1.17 

1 0 0 B 01.) 0 . 0 

KI6BO00.I' 
20000.ü 

PART    III.    DESCRIPTION    "F    F'.Ffc'GY    PAIA^CF     AND    Flj£l     PARAMETERS 
FdP   FACH   ALTFPNATIVF      fTA^LFS   1    To   uj 

TABLE    1.--HEAT    FMFRT,Y    BALANCE    AND   Fllfl     OFfjUlREMENTS    (ANNUAL    «»SIS) 

ESSENTIAL   ENERGY        SURPluS   ENERGY TOTAL   ENFRGV 
REQUIRFMFNTS PF.H'IPEMfcNTS OUTPUT 

(f«RTU) (M^RTU) fMMHTHl 

ALT 1 
ALT 2 
ALT 3 

2S2230. 
>S2230. 
2S?230. 

0. 
100000. 
1*50000. 

2*22*0. 
3S?230. 
«02250. 

ENFPGY SUPPLIED °V 
«.IDD-BAPK FilfL    (PCT. OF 

(MMOTO)      TdTAl ) 

ALT 1 o. .0 
ALT 2 Si /007. oo.o 
ALT 3 321 7«<J. »0.0 

FNF"vr.Y SUPPLIFD By OTHF& OR 
AUXILIARY FUFL   (PCT. OF 

(MMATUl      TOTAL) 

2S2230. 
SS22*. 

loo.n 

1".0 
20.n 

IMANTITV    OF 
«OOO-HARK    AVAILABLE 

ALT    1 JOOOO.    'i.C.    TON 
ALT   2 30000.   n.D.    TON 
ALT    3 30000.    0.0.    TOM 

KOOO-BARK    FUEL 
H>E f)l II PF MF NTS 

0. Pl.D, TON 
277m. 0.0. TON 
2*212.    O.D.    TON 

flTuFR    FUEL 
RFOliIRFMEMS 

331PH?. "Cf ( GAS* 
f,0F<9. B"L. ( Oil) 
•5003.       TON    (COAL) 
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Figure 3.—Sample program output (continued). 
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TAR|_E    2.--*00r-B«ut<   FUEl    PARA"FTFPS   «NO   FSTT^ATED   HFAT   PECOVFPV 

OVFNOWY *T (I.HS) 

PfcR SALES UNIT 

ALT 1   2000./O.O. TON 
MT 2  2000./o.o. TON 
ALT 3    20 CO./O.O. TON 

MOISTURE CONT. 
(PDY WT BASIS) 

.«2 

.«2 

»FT * T  (IRS) 
PER S*LfS UNIT 

"OISTUfiE C<v.T. 
(kfT Ml BASIS) 

3*36./o.n. TON .45 
3636./O.O. TON .«s 
3636./o.o. 

HFAT FNFWG 

TON 

r PECO VF»Y 

.as 

HIGHER HFAT v&LUF. - - - - - ESTI*AT 
(BTU/OPY LB)     (MTU/OPY l«)   (KT(J/*FT IP)       (MMBT11/SALtS UNIT) 

ALT t 
ALT 2 
ALT 5 

«700. 
«700. 
«700. 

5703. 
5703. 
5703. 

3137, 
3137. 
3137. 

TABLE 3.--OTHEW OR AUXILIARY FUEL PARAMETERS 

11.406/0.fl, TON 
It.«06/0.0. TON 
11.006/0.0. TON 

TYPE OF 
FUEL 

HIGHF.P ME*T VALUF 
(MMBTU) 

ESTIMATED HFAT PFCOVERY 
(«MRTO) 

ALT t GAS 
ALT 2 nil. 

ALT 3  rOAL 

1.00/ MCF 
6.SO/PPL . 

24.00/ TON 

.76/ *CF 
5.04/RRL . 
1b.OB/ TON 

TABLE Ü. — INTERNATIONAL SYSTF" (SI) UNIT RECOVERABLE HEAT ENERGY ESUMATFS 

...... FMERT-Y IM wOOO-BAPK FUEL -------- -OTHER FUFL - - 
(KJOUlE/KG      (KJOULF/KG      (BILLIG* JOULE       (BTLLION .IOULF 
OPY BASIS)       wfT BASIS)       PFP SALES UNIT)      PER SAIFS UNIT) 

ALT 1 13275. 
ALT 2 13275. 
ALT 3 13275. 

7301. 
7301 . 
7301. 

Figure 3.—Sample program output (continued). 

26.1/0.0. TON 
26.6/0.0. TON 
26.6/0.0. TON 

1.8/ MCF 
11.7/RBL. 
37.U/ TON 
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Appendix 

Benefit Cost Ratios in COMPARE 
A major purpose of COMPARE is to provide an 
objective comparison of different investment 
alternatives in wood or bark energy systems. However, 
in the case of investment alternatives in wood and bark 
energy systems it is likely that the economic lives, 
initial investment requirements, and the discount rates 
will all be different among different alternatives. It is 
necessary therefore to adopt an economic criterion 
which will be valid for comparison despite the varied 
nature of the alternatives. 

Consider discounted benefit cost ratios which are 
generally valid criteria even if the discount rates and 
investment requirements are different among 
alternatives. Discounted benefit cost ratios are derived 
on the basis of discount rates and therefore take into 
account any difference in discount rates. If the 
investment requirements are different, the opportunity 
cost of higher capital requirements for one alternative 
can be taken into account by simply increasing the 
discount rate for the higher investment alternative. The 
difference in discount rate will again be reflected in the 
benefit cost ratio. Hence, the only problem In regard to 
use of benefit cost ratios as criteria is that of unequal 
economic lives. 

As will be shown here, the discounted benefit cost ratio 
will serve as a valid criterion for comparison of any two 
investment alternatives provided that two sufficient 
assumptions car. be made. The sufficient assumptions 
are that (1) both alternatives are replaced by 
replacement projects which both have the same benefit 
cost ratio and which carry the planning period forward 
to an equal overall planning period for both 
alternatives, and (2) the replacement project's benefit 
cost ratio is numerically in the same range as (e.g. 
between) the benefit cost ratios of the two investment 
alternatives over their current economic lives. Under 
these reasonable assumptions, the most economical of 
two current investment alternatives will always be the 
one with the highest benefit cost ratio, calculated over 
the economic life of each alternative, even if the 
alternatives have different economic lives. 

Consider any two investment alternatives. The two 
alternatives may have different economic lives, 
different initial investment requirements, and different 
discount rates. Economic common sense implies that 
the two alternatives cannot be compared directly 
unless they represent the same interval in time, the 
same planning period. For example, suppose there are 
two mutually exclusive investment alternatives which 
involve installation of two different types of boiler 
systems. One system has an economic or service life 
which is 30 percent longer than the other. Just the 
benefits and costs of the two alternatives alone will not 
show which alternative is most economical because 
the cost of replacing the shorter lived alternative must 
be considered. Replacement projects have benefits and 
costs which must be considered, and may have 
different economic lives. In fact, it is necessary to 
choose a planning period which includes the economic 
lives of current investments plus the lives of selected 

replacement projects) for both alternatives, such that 
the overall planning periods are equal for both 
alternatives. (Note that if both current investment 
alternatives have the same economic life, replacement 
projects need not be consniered.) 

It should be noted at this point that the standard 
approach to the problem of unequal economic lives, 
which is recommended in many texts, is to try to 
estimate the cash flows of replacement projects such 
that cash flows will be obtained for both alternatives 
over an equal planning period. However, anyone who is 
familiar with cost estimation knows that estimation of 
costs and numerical benefits for a replacement project 
is a very imprecise task especially if the project is 
scheduled for many years from now. It is often difficult 
just to obtain reliable estimates for well understood 
current investment alternatives, let alone tentative 
future replacement projects. In developing COMPARE 
the obvious question was asked —"Is there some way 
to avoid the difficult task of having to estimate benefits 
and costs for future replacement projects, and still be 
able to use the simple benefit cost ratios of current 
alternatives as a valid criteria for comparison?" The 
answer was "yes" provided that two sufficient 
assumptions (introduced previously) can be made. The 
rationale for why those assumptions permit use of 
benefit cost ratios in directly comparing two 
investment alternatives is presented as follows. 

Let the benefit cost ratios of two investment 
alternatives be denoted as B1/C1 and B2/C2 
respectively. In both cases, the benefit cost ratios are 
the ratio of discounted benefit values to discounted 
costs (or after tax net cash flows based on costs as in 
COMPARE). Thus, 

(Present value of benefits for first alternative)  _   B1 
(Present value of costs for first alternative) C1 

(Present value of benefits for second alternative) _   B2 
(Present value of costs for second alternative)       C2 

In considering future replacement projects it is 
necessary to establish a basic fact about benefit cost 
ratios. The fact is that if associated benefits and costs 
are further discounted to an earlier point in time, the 
numerical value of the benefit cost ratio will remain the 
same. That fact is true regardless of the discount rate 
or length of discount period. For example, consider 
some future replacement project. The replacement 
project has benefit values and costs which can be 
discounted to the beginning of the economic life of the 
project (some future point in time). The discounted 
benefits and costs can then be expressed as a benefit 
cost ratio for the replacement project. Now suppose 
that the same benefit values and costs are discounted 
to the present point in time, and are then expressed as 
a present benefit cost ratio. The fact is that the present 
benefit cost ratio will be exactly the same as the 
benefit cost ratio derived for the future point in time. 
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Denote the benefit cost ratio of the future replacement 
projects as Br1/Cr1 for the first alternative and Br2/Cr2 
for the second alternative. A replacement project 
benefit cost ratio is the ratio of discounted benefit 
values (Br) to discounted costs (Cr) for the replacement 
project. Benefits and costs are discounted to the future 
point in time at which the replacement project begins 
and at which the economic life of the current 
investment ends. That point in time will be denoted as 
year n for the first alternative and year m for the 
second alternative. Thus, 

(Year n value of benefits 
For 1st     Br1(n) for the replacement project) 

Alt.:        CM(n) (Year n value of costs 
for the replacement project) 

(Year m value of benefits 
For 2nd    Br2(m) for the replacement project) 

Alt.:       Cr2(m) (Year m value of costs 
for the replacement project) 

The first sufficient assumption is that future replace- 
ment projects for both alternatives will have the 
same benefit cost ratio. The assumption implies that 
Br1(n)/Cr1(n) = Br2(m)/Cr2(m). It can now be observed 
that if a replacement project's benefits and costs are 
discounted to prevent values and are then expressed as 
a ratio, the ratio will equal the original benefit cost 
ratio for the replacement project. In other words, if 
Br1(p) is the present value of benefits and Crl(p) is the 
present value of costs for the replacement project 
under the first alternative, then the following ratios are 
equal: 

Br1(p)_   _        Br1(n)/(1 + i)n Br1(n) 
Cr1(n) Cr1(p) Cr1(n)/(1 + i)n 

(where i is the discount rate). 

Likewise, if Br2(p) equals the present value of benefits 
and Cr2(p) equals the present value of costs for the 
replacement project under the second alternative, the 
following ratios are also equal: 

Br2(p)    .    Br2(m)/(1 + i)m    =    Br2(m) 
Cr2(p) Cr2(m)/(1 + i)m Cr2(m) 

It is true then that the following equality holds: 

Br1(p)     u    Br2(p) 
Cr1(p) Cr2(p) 

BrKnj   _    Br2(m) 
Cr1(n) Cr2(m) 

Because, by assumption, 

It is finally necessary to recognize another basic fact 
concerning mathematical ratios and combinations of 
ratios. Suppose there are four numerical values, B1, C1, 
B2, and C2 (the values are analogous to the present 
values of benefits and costs of two current investment 
projects or alternatives, which may have different 
economic lives). Suppose arbitrarily that the ratios of 
the values are different so that one ratio is greater than 
the other as follows: 

B1 B2 
C1 C2 

(If the ratios are benefit cost ratios, it would appear 
that the first alternative is more economical because it 
has a higher benefit cost ratio. However, as discussed 
earlier, replacement project benefits and costs must 
also be considered if the two current alternatives have 
different economic lives.) 

Furthermore, suppose there are four other numerical 
values, Br1(p), Cr1(p), Br2(p), and Cr2(p). (Those values 
correspond to the present values of benefits and costs 
of replacement projects under the two alternatives. The 
replacement projects in both cases carry the 
alternatives forward to a planning period which is the 
same for both alternatives.) Now we can assume 
that those values satisfy the following relationship: 

Br1(p)     =    Br2(p) 
Cr1(p) Cr2(p) 

(This corresponds to the first sufficient assumption 
that benefit cost ratios are the same for replacement 
projects under both alternatives.) Also assume that the 
following relationship holds: 

B1 
C1 

BM(p)     =     Br2(p) 
CM(p) Cr2(p) 

B2 
C2 

(This relationship corresponds to the second sufficient 
assumption that the benefit cost ratios of replacement 
projects are numerically between the benefit cost ratios 
of the two current investment alternatives.) 

Then it is a fact that so long as the previous 
assumptions hold, the following result always holds 
regardless of the values represented by the eight terms: 

B1 + Br1(p)   >    B2 + Br2(p) 
C1 + Cr1(p) C2 + Cr2(p) 

(The last result says simply that the benefit cost ratio 
of the first alternative is higher than the benefit cost 
ratio of the second alternative, even when replacement 
projects and an equal planning period for both 
alternatives are taken into account.) 

A proof of the last result is given as follows: 

Suppose    B1    >    B2   (arbitrary assumption), 
C1 C2 

Br1(p)    =    Br2(p)   (first sufficient assumption), 
CM(p) Cr2(p) 

and, 

B1    >   Br1(p)    =    Br2(p)   >   _B2_ 
C1 Cr1(p) Cr2(p) C2 

(second sufficient assumption). 
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Then, 

and, 

therefore, 

B1    >   B1 + Br1(p)   >   Br1(p) 
C1 C1 + Cr1(p)        Cr1(p) 

Br2(p)   >    B2 -i- Br2(p)   >  _B2_ 
Cr2(p) C2 + Cr2(p) C2 

B1 + Br1(p)    >    B2 + Br2(p) 
C1 + Cr1(p) C2 + Cr2(p) 

Thus, under the two sufficient assumptions, the 
following result will be true: 

J1_ >  _B2_ implies   B1 + Br1(p)   >   B2 ± Br2(p) 
C1 C2 C1 + Cr1(p) C2 + Cr2(p) 

Likewise, under reverse assumptions, the opposite will 
also be true: 

B2   > J^1_ implies   B2 + Br2(p)   >   B1 + Br1(p) 
C2 C1 C2 + Cr2(p) C1 + Cr1(p) 

Therefore, under the two sufficient assumptions 
regardless of the economic lives of two current 
investment alternatives, the one with the highest 
benefit cost ratio will be the most economical even 
when replacement projects and equalized planning 
periods are considered. Under the two sufficient 
assumptions, it is not necessary to consider 
replacement projects or equalization of planning 
periods for either alternative, provided that discounted 
benefit cost ratios are used to compare the two 
alternatives. 

Finally, the appropriateness of the two sufficient 
assumptions can be addressed. In regard to the first 
assumption of equal benefit cost ratios for replacement 
projects over equal planning periods, it may be helpful 
to think of the replacement projects for both 
alternatives as extending over an infinite planning 
period. As the planning period goes to infinity, it 
becomes relatively equal for both alternatives. Also, if 
the same sort of replacement project will be 
undertaken in both alternatives, it follows that both 
replacement projects have the same benefit cost ratio. 
The second sufficient assumption that the replacement 
project benefit cost ratio will be between the benefit 
cost ratios of the two current alternatives is equivalent 
to saying that the future replacement project will be 
neither less economical than the least economical 
current alternative, nor more economical than the most 
economical current alternative. Both assumptions must 
be recognized as merely sufficient, not necessary 
assumptions. In other words, benefit cost ratios may 
still be valid criteria for comparing two alternatives in 
certain cases where the assumptions are not met. 

In summary, it is valid to compare any two current 
investment alternatives by comparing their benefit cost 
ratios even if the two alternatives have different 
economic lives (e.g. the most economical alternative is 
the one with the highest benefit cost ratio), provided 
the following two sufficient assumptions can be made: 
(1) the replacement projects which carry the planning 
periods forward to an equal planning period will have 
the same benefit cost ratio in both cases, and (2) the 
replacement project benefit cost ratio will be numeri- 
cally in the range (e.g. between) the benefit cost ratios 
of the two current investment alternatives. Under those 
assumptions, the investment with the highest current 
benefit cost ratio is indeed the alternative which 
provides the greatest discounted return per unit of 
discounted cost. 
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Listing of the COMPARE Program 

Subroutine OEP 

t 
2 
x 
u 
5 
6 
7 

o 
10 
11 
12 
IS 
1« 
15 
lb 
17 
18 
10 
20 
21 
2? 
25 
2a 
25 
26 
2? 
2« 
20 
50 
51 
52 
55 
5« 
5* 
56 
57 
58 
59 
an 
«1 
«2 

«« 
«5 
46 
Ü7 
us 
UQ 
5» 
51 
52 
55 
5a 
55 
56 
57 
58 
5" 
60 
61 
62 
65 
6a 
65 
66 
67 
68 

SUBPO 
THJS 

ALTER 
THF U 
INSTF 
OAT» 

sc^E ri 
SFRvT 
1<"U 
IN   10 
»NP T 

CPRPF 
SYSTF 
»LT£P 
DFPRF 
5, 5, 
STRAI 
»CCOP 
PISRE 
DF.PFN 
SEI. FT 
GUIDE 
M»NJF 
DFPWF 
USE» 
Npf D 
»NP    P 
(SEF 

UTINE 
SllBPPlJ 
N » T I v E 
SEP   M» 
»0    OF 

PEOi'lP 
ULE 'C 
CF f I» 
TO 108 
85, 5» 
MEPF4F 
SPPNP 
« Gil ID 
NATIVE 
CI*TIO 

10, 0 
GHT-L1 
DING T 
GAOPEP 
PING 0 
T THE 
LIMES» 
AC TUP I 
CI*T TO 
DOES N 
IS SPE 
EGiDlPF 
0»T»    I 

OEP 
TINE 
S fJ) 
V  »I. M 

HAVIN 
E-ENT 
OOF V 
SI SC 
a, 2s 
IPS S 
TFP, 
TO TM 
ELl"F 
S (NA 

N PFP. 
P 15 
NE Of 
0 ST» 
. TH 
N «HE 

»PPPLI 

(GEN 
NG Ff] 

\ HAS 
OT EN 

C IF IE 
n TH» 
NPllT 

C*LCUL 
. UNLE 
AYS EN 
G THE 
S INCL 
»HI »<H 
HEOULE 
IPS SC 
CHEOIIL 
UsSTBA 
E M»NO 
S. »0 
LT), I 
TOO (N 
¥E»PS 
PPECT» 
TUTOBY 
E USER 
N THF 
PPT»TE 
FRALLY 
UIP"EN 

is Fran 
TF« OP 
0 »S 0 
T THF 
TNSTRU 

»YES 
SS TH 
T£P 0 
SCHFO 
HO* : 
E , NO 
S FOB 
HEOiiL 
ES FO 
K.HT- 
»TORY 
OITTO 
MM» 
YBP(J 
UNOEP 
T10N 
GUIO 
«ILL 

INVES 
DEPP 
5 YF 

T UNO 
»LS I 
TIONS 

OP S 
iiSFR 
CTION 

OEPPEC 
t I'SER 
EPPECI 
ULE CA 
usri c 
FP(J)) 
NE*» P 

ES FOR 
R NE w 
LINE 0 

( 1081 
N»L DA 
L »SSE 
)).  D 
OPT io 

«ILL B 
FLINES 
SELEC 

TFMENT 
ECIAT1 
»PS IS 
EP CUR 
NIT1»L 
I, 2, 

(IMF OT 
ENTFP 
S IN D 

MTION 
HAS S 
ATION 
LCULAT 
OOF SP 
, Is U 
BQPFBT 
NF w P 

PBOPFP 
FPPECI 
1 ACCE 
TA RFQ 
T VALU 
FPRFCT 
NS 1, 
E CAIC 

SALV 
T THF 
IS PU 

ON PEP 
APPRO 

PENT G 

ASSET 

5, OP 
HFP NU 
OEPBEC 
OCll«EN 

ALLOw 
PFCIET 
ALLOWA 
ED BY 
ECIP1C 
.S. IN 
Y PUT 
POPERT 
TV PUT 
ATION. 
LEPATE 
UIPEO 
E (TVS 
ATION 
2, OR 
ULATEO 
AGE VA 
»PPBOP 
T IN P 
100 AC 
PRI»TF 
UIOElI 
VALUE 
a, (T 

MflER), 
IATION 
TATION 

ANCES FOP ECONOMIC 
ED ANNUAL ALLOWANCES 
NCFS AS OAT», 
THIS SUBROUTINE. 
ATION OF THE TYPE OF 
TEPNAL »FVENUE 
IN SERVICE FROM 
Y PUT IN SERVICE 
IN SERVICE IN 1086 
ALL SCHEDULES 

D COST RFCOVERY 
ARE THE NUMBER OF 
T(J)), »NO 
PERIOD MOST E'JUAL 
5, OTHERWISE 

LUE IS 
STATE StHFOULE 
LACE, »NO «KL ALSO 
COROING TO »CBS 
FOB NEW 

NFS).  INITIAL 
(IVST).  IF THE 

F CODE VARIABLE 
THEN IT IS »SSUMFO 
ALLOWANCES AS DATA 
REPORT). 

in 

C •* 

COMMON/At. I /»FMC(101,»HHV(10),*WRU(10),»XFT(10), 
• BTIIR(10),DISP(IO),FBTU(10),FATS(10), 

*       HHVU(10),HBAF(10),MRRF(10),IVST(10),NYBS(10),PVAT(10),PCT(10), 

• PAVLMO),BECY(!0),T»llx(10),TRESno),PEPP(tO,20), 
• N»LT,N0P1,NYBD(lft) 
C0MM|iN/DFPl/B(21 ),O(10),NDFP(10), 

PE*L IVST 

DO 1" ,?sl,N»LT 
IF(N0EP(J).LT.1.OP.NDEP(J).GT.a) GO TP 10 
NKSNYBP(.I) 

NYPrNYPS(J) 
H(1) = IVST(J) 
DO  100 Nsl,NYP 
DFPR(J,N)=0.0 
CONTINUF 
C»lC"LATE   (ACPS1 OEPPFCTATION 
IF (\lPEP(.n.EQ. 1 1 GO To 1 

GO TO ? 
GO Tn 5 
GO TO u 

IF(NPFP(J).E0.2) 
IF(NDEP(.I).E0.5) 
IF(NDEP(J).FO.U) 
CONTINUE 
IF (NK.E0.5) r,n To 11 

(NK.E0.51 GO TO 12 
(NK.KJ.IO) GO TO 15 
(NK.flJ.151 60 TO 1a 
TO u 

1 I 

12 

IF 
IF 
IF 
Gn 
CUNTINUI 

DEPP r j, i) 
DEPP (.1,2) 
OEP"  (J,*) 
GlJ Tfi 10 
CONTINUE 
DFPB (J,\) 
DFPS 
OFPP 

DEPI- 
OE P^ 
r.Q TP 

(.7,2) 
(J,5) 
(J,u) 
(J,5) 
1« 

0.25 
1.58 
0.57 

".15 
0.22 
0.21 
n.21 
0.21 

8(1 ) 
B( 1 1 

H( 1 1 

8(1) 
"(1 ) 
8(1) 
H(l ) 

OEP00010 
DEP00020 
«DEP00050 
DEPOOOaO 
0EP0005D 
DFPOOOaO 
PEP00050 
OEP00060 
DEP00070 
DEPOOORO 
OFP00090 
DEP00100 
OEP00110 
DEP00120 
PfcPOOl50 
DEP001UO 
DEP00150 
OEP00160 
OEP00170 
0EP00180 
DEP001O0 
OEP00200 
DFP00210 
DEP00220 
DEP00250 
DEP002UO 
DEP00250 
DEP00260 
DEP00270 
DEP00280 
DFP002O0 
OEP00500 
DEP00510 
DEP00520 
DEP0055O 
DEPO05a0 
OEP00550 
DEP00560 
DEP00170 
DEP00580 
DFP005O0 
DEPOOUOO 
DEPOOalO 
DFP00U20 
DEP00U50 
DEPOOaao 
OEPOO'450 
DEP00Ü60 
OEP00U70 
DEPOOaBd 
DEPOOUOO 
DEP00500 
OFP00510 
DEP00520 
DFPfiOMO 
DEP005UO 
DEP0055O 
DFP00560 
DFP00570 
DEP0058O 
0PP005O0 
DFPO06O0 
OEPOOMO 
DEP006?o 
DFPOOMO 
PFP006UO 
DfPOOh50 
PEP00660 
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60. 
70. 
71. 
7?. 
71. 
7«. 
75. 
76. 
77. 
7«. 
70. 
«0. 
«1. 
8?. 
«5. 
8«. 
85. 
86. 
87. 
*«. 
80. 
00. 
01. 
0?. 
01. 
0«. 
05. 
06. 
07. 
08. 
00. 
100. 
101. 
10?. 
105. 
loa. 
105. 
106. 
107. 
108. 
100. 
110. 
111. 
112. 
in. 
11". 
115. 
116. 
117. 
118. 
110. 
120. 
121. 
12?. 
123. 
12«. 
125. 
126. 
127. 
128. 
120. 
130. 
131. 
132. 
133. 
13«. 
135. 
136. 
137. 
138. 
130. 
l«o. 
111. 
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13 COM! iNUt 
OEP4 tj,n 

1<I 

21 

zs 

23 

2« 

DEPP 
DEPP 
OEPR 
OEPR 
D£PW 
DEPR 
DEPP 
OFPR 
OEPR 
GO 10 

(J,?1 : 
(J.31 : 
(J,U) : 
(.1,5) ' 
(J,6) ' 
(J.71 : 
(.1,8) : 
(J,0) : 
(.1,10) 
10 

0.08 « 
0.14 « 
0.12 « 
0.10 * 
0.10 t 
0.10 * 
O.OO t 
O.OO « 
O.OO « 

: 0.00 

8(1 
«(1 
"(1 
4(1 
»(1 
8(1 
B(1 
8(1 
8(1 

» 8( 

CONTINUE 
DEPP (J,l) 
DfPP 
DEPP 
DFPP 
DEPP. 
DEPP 
DEPP 
DEPP 
DEPP 
DEPP 
OF PR 
DEPP 
DEPP 
DEPP 
DEPP 
GO TO 

M.2) ' 
(J.3) J 
(J,u) : 
(J,5) : 
(J,6) s 
(J,7) : 
(J,8) : 
(J,0) : 
(J,10) 
(j,m 
(J,12) 
(J.131 
(J,l«) 
(J,15) 
10 

0.05 
P.10 
o.oo 
0.08 
0.07 
0.07 
0.U6 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 

8(1 
8(1 
fld 
3(1 
8(1 
8(1 
8(1 
8(1 
8(1 
R( 
M 
B( 
8( 
«( 
8( 

IF 
IF 
IF 
GO 

CONTINUE 
IF (NK.FQ.3 

(NK.EQ.5 
(NK.E0.1 
(NK.EQ.l 
TO U 

CONTINUE 
DEPP (J,1) 
OEPR (J,2) 
OEP« (J,3) 
GO TO 10 
CONTINUE 
OEPR (J,l) 

(J,2) 
(J,3) 
(J,<i) 
(J,5) 
10 

) GO TO 21 
) GÜ TO ?i 
0) GO TO 23 
5) GO TO 2ü 

« 0.20 * 8(1) 
« 0.«7 • B(n 
« 0.2« * 8(1) 

DEPR 
OEPR 
OEPR 
DEPR 
Gfi TO 

0.18 
0.33 
0.25 
0.16 
0.08 

CONTINUE 
DF.PR (J,l) 
DEPP 
DEPP 
DEPP 
r)EPP 
DEPR 
OEPH 
OEPR 
OEPR 
OEP" 
GO TO 

(J,2) 
(J.3) 
(J.u) 
(J.5) 
(J,6) 
(J,7) 
(J,B) 
(J.O) 
(J,10) 
10 

O.OO 
0.1O 
0.16 
o.l« 
0.12 
0.10 
0.0« 
0.06 
n.o« 

i 0.02 

CONTINUE 
OEPR (J,l) 
DEPR 
DEPR 
OEPR 
DEPP 
DEPP 
DEPR 
OFP» 
OEPR 
OEPR 
OEPP 
OEPR 
OEPR 

(J,2) 
(J.3) 
(J,«) 
(J,5) 
(J,6) 
(J,7) 
(J,8) 
(J.O) 
(J.10) 
(J.ll) 
(J,12) 
(J,13) 

0.06 
0.12 
0.12 
0.11 
0.10 
o.oo 
0.0« 
0.07 
0.06 

« 0.05 
* 0.0« 
» 0.0« 
« 0.03 

8(1 ) 
8(1) 
8(1) 
8(1) 
8(1) 

8(1) 
8(1) 
8(1) 
8(1) 
8(1 ) 
8(1 ) 
8(1) 
8(1) 
B(l) 
»8(1) 

8(1) 
8(1) 
8(1) 
8(1) 
8(1) 
8(1 ) 
8(1) 
8(1 ) 
8(1) 

• 8(1) 
» P(l) 
• rt(l) 
>    8(1) 

DEPO0670 
PFP00680 
0EP006O0 
OEP00700 
DEP00710 
DEP0O720 

^M ^teti ' - -• 

DEP00730 • 
OEP007«0 
DEP00750 .'_ • 

DEP0076O •. '• 

DEP00770 •'-: 

DEP00780 
DEPO07O0 „--j 
PEP00800 Gzl 
DFPOOfllO m 
DEP00820 
OEPOOMO •'.'• 

DEP008«O ' 
0FP00850 ' .1 

DEP00860 • ,• i 

0EP0087O 
OEPO0B80 

>   4 0FP00«O0 
DEPOOOOO .'•. 
DEPO0O10 \     " 
DEP00O20 r     * 

OEPOOOJO •': 
DEPOOOttO *-.:' 

OEP00050 
.* '-4 

DEP00O60 *G 
ÜFP00O70 
DEP00O80 •     , 

DEPOOOOO 
DEP01000 
OEP01010 

.' "i 

DEP01020 
DEP01030 - "< 

OEP010«0 *•: 
0EP01050 
DEP01060 
DEP01070 *. t 
OEP01080 . •• 

DEP01000 
DEP01100 
DFP01110 *i 

OEP0U20 
OEP01130 ,.i 
DEP011«0 • .1 

OEP01150 L-j 
0EP01160 ,*i 
DEP01170 i. 

DEP011B0 
DEP01100 0. 
OEP01200 
DEO01210 
DEP01220 :' 1 
OEP01230 -'•.' 

DFP012«0 ** M 

DEP01250 '  j 
DEP01260 " 
DEP01270 A DEP01280 
DEP01200 '-.T 

DFP01300 -.1 

DEP01310 

j DEP01320 
DEP01330 
DEP013«0 £ OEP01350 
DFP01360 -.•) 

DEP01370 '.• 1 

OEP01380 • •! 

DFP013OO 

• \ 



1«2. 
1«3. 
I««. 
1«5. 
116. 
117. 
1UH. 
»UO. 
150. 
I5t. 
152. 
1 55. 
15«. 
155. 
15b. 
157. 
15*. 
15<». 
16". 
161. 
162. 
163. 
lb«. 
165. 
166. 
167. 
16». 
16". 
170. 
171. 
172. 
173. 
170. 
175. 
176. 
177. 
178. 
179. 
180. 
181. 
182. 
185. 
18«. 
185. 
186. 
187. 
188. 
18<>. 
!O0. 
1«>1. 
t«>2. 
105. 
19«. 
I«f. 
196. 
197. 
198. 
199. 
200. 
201. 
202. 

51 

3? 

53 

3« 

«1 

10 

OEPP 
OEPw 
an  T 

CONT 
IF ( 
IP ( 
IP ( 
IP ( 
GO T 
CONT 
ntPP 
r>EPP 
Of PP 
GOT 
COST 
DEF« 
DEPP 
PFPR 
ntPP 
DFPR 
en  ^ 
CONT 
OF.PH 
DFPR 
PEP» 
OEPP 
DEPP 
PEPR 
Of. PR 
r>F PP 

DEPP 
DEPP 
GO   T 
CONT 
OEPR 
OFPR 
OEPP 
OEPR 
OEPR 
DEPP 
DEPR 
OEPR 
OEPR 
OEPR 
DEPP 
DEPP 
DEPP 
DEPR 
OEPR 
GO   T 
CONT 
00   « 
IF(N 
OEPR 
CONT 
OEPP 
N   = 
OEPR 
CONT 
RFTu 
END 

(J.1«) 
(J.151 

0    10 
TNUf 
NK.EQ.3 
NK.F0.5 
NK.EO.l 
NK.tO.l 
0    U 
INUfc 

(.1,11 
(J,2) 
( J . 3 ) 

0    10 
INIJF 

( J . 1 ) 
(J.21 
(J#3) 
(J,«) 
(J.5) 

0   10 
IM1E 
(J,l) 
(J,2) 
(J.3) 
(J.«1 
(J.5) 
(.1,6) 
(J.7) 
(J,*>) 
(J,9) 
(J.10) 

0   10 
INUE 
(J,l) 
(J,2) 
(J,3) 
(J,<») 
(J,5) 
( J,6) 
(J,7) 
(J,8) 
(J.9) 
(J,10) 
(J, 11 ) 
(J,I2) 
(J,1S) 
(J,1«) 
(J,15) 

0 10 
INIJE 
1 N   z 
ypo(Ji 

(J,N) 
INIJE 
(J,l 1 

NX    •    1 
(J.N) 

INUE 
PN 

=   0.02 
s    0.01 

Mil 
Ml) 

1    GO   TO    31 
)    GO    TO    3? 
•))   GO   TO   3 3 
5)   GO   TO   3« 

=   0.33 
=   0.<»5 
=   0.22 

s 0.20 
s 0.32 
r 0.?« 
s 0 . 1 h 
s   0.0ft 

i 0.10 * 
i 0.18 i 
l   0.1b   i 
• 0.1«   i 
• 0.12 ' 
! 0.10 * 
: 0.0« < 
I 0.06 < 
i   0.0«   * 
s   0.02 

• 0.07 
i 0.12 
i   0.1? 
i o.n 
t 0.10 
i 0.09 
i 0.08 
: 0.07 
:   0.06 
* 0.05 
* 0.0« 
* 0.03 
»   0.03 
* 0.02 
«   0.01 

Ml) 
Ml 1 
Ml ) 

Ml ) 
Ml ) 
Mil 
«(1 ) 
M1 1 

Ml 1 
Ml ) 
Ml) 
Mil 
Ml ) 
«(1) 
Ml ) 
Ml ) 
Ml) 

» em 

B(l) 
Mt) 
BO) 
am 
Ml) 
Ml) 
Ml) 
8(1) 
8(1) 
Ml) 
B(l) 
8(1 ) 
8(1 ) 
Ml) 
8(1) 

1 ,NK 
.EO.O)   GO   TO   10 

«   8(1)/NVR0(J) 

*   0.5   *   OEPR    (J,1) 

»   OEPR   fJ,l) 

OEP01«00 
OhPoiuiO 
0EP01U20 
0tP01«30 
OFP01««o 
DtP0tu50 
OFP01«bO 
OFPO1U70 
OF.PO) 4*0 
OFPO1U90 
OFP01500 
OFPOt510 
OEP01520 
0EP01S3O 
OFP01S«0 
0F.P01S50 
OFP01560 
OEP01S7O 
OFP01580 
0FP01S9O 
OFP01600 
OFPOIolO 
OEP01620 
DEP01650 
0EP0l6«0 
OFP01650 
OEP0166O 
OFP01h70 
DEP01680 
0EP01b90 
OEP01700 
OEP01710 
OEP01720 
OEP01730 
DEP017U0 
OEP01750 
DEP01760 
DEP01770 
DEP01780 
OEP01790 
OEP01800 
DEP01810 
OEP01620 
0EP01830 
OFP018U0 
DEP01850 
OEP01860 
0EP01870 
OEPO1880 
DEP01890 
OFP01900 
DEP01910 
OEP01911 
OEP01920 
0EP01930 
DEP019U0 
OFP019S0 
OEP01960 
OEP01970 
OEP01980 
OEPO1990 
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Subroutine ECO 

1. 
2. 
3. SUBROUTINE ten Fcnoooin 
u. C ECOooo?n 
S. C *** T M IS SUBROUTINE SUUMAPI/FS ANp PRINTS OUT ERTIMATEO FuTuRF ANNUAL ECOOOMO 
b. C **»   CASH FLO»S AND PRESENT VALUE OF CASH FlpaS FOR EACH ALTF BKk T t VE ,ECOOOOun 
7. C ***   (PART t OP OUTPUT). FCOOOOSO 
8. C KOPOObO 
9. CO«MnN/A(_L/AFMC( 10 l.AHMv ( tO) »AwPlH 1 0 ), A XF T (1 0 ), ECO00070 

10. •      » T 111» f 10) ,niSP( 101 , F«Til ( J0),F ATS( 1 01 , EC000080 
11. •       WHVIH10) ,HRAF( 1(1) ,HRRF(10), IVST(10),NYPS( tO) ,PVAT( 10),PCT(10), ECOPOOOO 
12. •      PAVLf10)f»fcCV(10)fT»MM(101 ,TRfS( 10) ,OEPP(10,20)» ECOOOIOO 
13. •       NALT,N0P1 i NYPO(IO) EC0O0HO 
14. COWMON/tCOl/CSALf10),IExP(10),ITCR(10), FC000120 
15. • TxPT(ini,«»CKQ(10),»CST()0,?0),»NCMlP,2n),HNCF(!0,?in, ECOOdlJO 
lb.           •  VCST(10,?0),FCST(10,?n),CHHP(lO,20),AZF.R(10), EC0P01U0 
17. •  PAXFCIO,?01 ,BCST(10,20),RVAL(10,?n),»iCRA(10,?l ), FCO0015O 
18. •  *C»T(10,21),TITL(20,10), ECO00160 
10. REAL !VST,ITCR.IEXP FC000170 
20. C. EC000180 
21. IF (NflPI.NF.I) WRITE (h,ll) EC000100 
22. II FORMAT f't'.'PAPT I.  FINANCIAL SUMMARIES') FCO0020P 
23. 00 * Js),NAlT EC000210 
2a.            MYRS s NYRS(J) FC000220 
25. 00 1 Nrl.MYRS EC0002JO 
26. C *** CALCULATE ANNUAL WOO0-8ARK FUEL COSTS EC0002aO 
27. HCSTCJ.N) = RVAL(J.H) * TPES(J1 EC0002SO 
28. C *** CALCULATE ANNUAL ALT/AUX FUEL COSTS EC0002b« 
20. ACST(J,N) s PAXF(J,N) » TAUK(J) EC00027P 
30. C «** CALCULATF. BEFORE TAX NF. T EXPENSES AND AVG. COST/MMBTU EC000280 
11, 8\CF(.I.N)s(vCSTfJ,N)*FCST(>',N)+PCST(J,N)+ACST (3, N) *0f PP. t J, M) ) ECO0 0 2O0 
32. CMMHtJ,N)sRNCF(J,N)/muP(J) ECO00300 
33. C *** CALCULATE AFTER TAX NET CASH FLOW EC000310 
3a. ANCF(J,N) s "(VCST(J,N) • FCSUJ.N) • EC000320 
35. • RCST(J.N) • ACST(J,N)) * (1.0 - TXPT(J)) • DEPR(J.N) • TXPT(.J) - ECO00330 
3b.          • *iCRAfJ,N) ECOOOSUO 
37. 1 CONTINUE EC000350 
38. ANCF(J.l) * AMCF(J,1) • ITCP(J) EC00036P 
30.            N s NYRS(J) EC000370 
ao. ANCF(J.N) S AMCF(J,N) • FATS(J) • WCRT(J,N) EC000300 
ai. PCT(J)   r PISP(J)  * 100.0 ECnooaoo 
tt2. PVAT(J)3(-IVST(J))-«CR0(J)*CSAL(J)-(IEXP(J)*(1.0-TXPTf.I))) ECO00a20 
U3. A?EP(J)sPvATfJ) ECD00a30 
au. DO 2 NSI,MYRS ECOOoaao 
as. C ••« CALCULATE PPESFNT VALUE AFTER TAXES ECOO0a70 
46. PVAT(J) s PVAT(J) • ANCF(J,N) /((1.0 • 0ISR(J))**N) ECO0Oa8O 
a7.       2 CONTINUE Ecoooaoo 
aS. C ECO0OSOO 
ao. c •*« PRINTOUT FINANCIAL SUMMARY ECOOOSIO 
50. IF (NOP1.E0.1) GO TO 7 ECO00S20 
51. C ••* »RITE INVESTMENT COST PARAMETERS EC000530 
52. IF CJ.FU.l) "RJTF(o,SJ3) J EC000540 
53. 333 FORMAT('0',///'OFINANCIA( SUMMARY--ALTERNATIVE•,1X,12/) EC00O5S0 
5a.                             IF   (J.GT.J)   t»BITE(6,33)   J EC000560 
55. 33   FORMAT   (MFINANCIAL   SL1MMARY--ALTERNATIVE ',lx,I2/) ECO0057O 
56. «RITf(6,3)    fTITKIf J).I»1 ,20 ) ,NVRS(J).FATS(J),I VST(J),TXPT(J), ECO00S80 
57. *IEXP(J),».CR0(J),E8Tu(J),CSAL(j),BTliR(J)f AXFT(J) FCO0 05O0 
58. 3 FOflMATC • ,20Aa//lK, 'INVESTMENT PARAMETERS (YEAR 0 ):',8X,'ENDING NECO00600 
50. »ET SALVAGE (YEAR ',12,•)«',F10.0/ 2X,•DEPRECI ABLE ASSETS - - - *',EC000610 
60. *FIP.0,2X, 'EFFECTIVE ANNUAL TAX PATE - - - - • ,F6.3/2X,'NONOEPREC. EEC000620 
61. »XPENSES- - - «',F10.0,2X,«HEAT ENFRGY REQUIREMENTS AND OUTPUT:'/ EC000630 
62. »2X,'NOROING CAPITAL- - - - - *',F 1 0.0,3X,«ESSENTIAL REO. - - *,F 1 OECOOObao 
63. •,0,1X,'"MRTU/YR.'/2X,'OLD FACILITY NFT SALV. - I•,F10.0,3x,•TOT AL EC000650 
6a. »OUTPUT - - - '.F10.0,' MMBTU/YR.'///1X, 'ANNUAL COSTS. OEPRECI AT IONFCOO 0660 
65            • AND AVERAGE ANNUAL'/2X,'COST PER MMBTU OF TOTAL ENERGY OUTPUTS' //EC000670 
66. *17X,'FUEL COSTS',OX,'OTHER V AR . ' , ax , 'FIXED ' ,7X,'DEPRE-'»5X,'COST/'ECOO0671 
67. »MIX, '«000-8 ARK ',6X,Aa,8X,'COSTS',7X,'COSTS',7x,'CTATI0N',ax,' MMRTEC000672 
68. •U'/lSx.Uf '*«,1IX), '.*' ,1 IX, '«•) ECOO0673 
60. C »*» «RITE ANNUAL CASH FLOKS AND DEPRECIATION EC000730 
70. no au Nxj,MYRS EC0007UO 
71. *R1TF(6,U) (N,RCST(J,N),ACST(J,N),VCST(J,N),FCST(J,N),OEP»(J,N), FC000750 
7?.            •CMMBfJ.N)) FC000760 
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73. U4 CONTINUE Erooo77o 
T«, a FORMAT(' ' . t » > ' YEA«' . I « . I2,S(2X,F l 0 . 0 ) ,2X,FH.2) FCP007*o 
75. r **• «RITE \f T CASH F|.P"S. INVESTMENT TAX CREDIT fFNP OF YEAR VALUES). EC0P079P 
76. C *•• ECOO0A0C 
77. * a I T E ( 6 , * ) (IE XB f J ) i * ZE » ( J ) , 0*CF ( J . 1 ) » T TCfi ( J1 , KCR A ( J » 1 J , ANCF ( J $ i ) ) E CO00B 1 0 
7«. s   FORM*T («0* /I t, 'BEFORE   TAX   HFT   £<PFNSFS,   INVESTMENT   TAX   CRFOIT,   ADDECOOOF»2O 

79, »ITIONil  INVESTMENT  (wORttlNG1/2*, 'C APJT *t) AND AFTER TAX NET CASH FEC000621 
so. »to« INCLUDING SALVAGE fENO OF VFAU VALUES)!'// Er.ooo«22 
81. •»*>», «SfFOhE    TAX»#6X»'TAx%ftX,«ADDITIONAL»,6X,'AFTER   TAX'/ ECO00M40 
9?. »ISX.'NFT   tXPENSES'»OX#'CtOIT«,ax,«INVESTMENT1»««,'NET   CASH   FLO»•/ECOOOAUO 

83. *?\x,•«',IIx, • « • ,II x, ' I ' , IS«,»» ' / ECOOORSO 
BO. •t.x.'vfäo      p< ,bx,F l?.0,?7x,F|?.fl/ ECCP0651 
8s;. .IX.'VfA"      1 ' ,*t ,F] ?.«,* ' 1 .'.,?> ,F I 1 .0, i> ,F t?,0) fCnoo»6" 
86. OH   SS   Ns?,"*BS EC0P0A70 
«7. M»ITECA>«A>ft)     fN,PNCF(J,N),»C«»A(J,N),ANCF (J,Nn ECOPORHO 
88. 55   CONTINUE ECO00»9P 
80. 66    FP»HAT ( IX, ' YF AS, • , | X , 12.b« ,F I ?.p , MX ,F I I . 0 , ». x ,F t 2.0) F C 0 P P 9 0 » 
90. C    •«*    -WTTF    PCFStM    VALUE    OF    CASH   Flf'.S F.CO"0<»10 
91. «RITFfb.bl PVAT(J),PCT(J) FCO00R20 
9?. 6 FnB»AT ( ' P • /| x , 'PBESFNT VALUE (VMS A) OF ifl(« T4> «.FT CASK F|.O«S:FCO0093P 
9\. • ' //ii , • « • ,F lP.i',2» , • AT • , i , ,fii . i , • PFBCF'.T ANNUAL HISCOLIMT RATE'J ECOO09«0 
•*. 7 CONTINUE EConoono 
95. " CONTINU{ FcnooQo.) 
9fc, RF.TUB\ FCCOtOO" 
97. END Ecnoinm 

Subroutine EQ1 
1. S IRR IM, T INF    Ebl(A»B1 EQtoOnifl 
i. r F rj 1 o o o 2 o 
i>m C    »**    T"JS   SUBROUTINE    FP'IATFS    TF N-F L.^ "F* T    ARRAYS   -    ARGUMENTS    A    AND   J EOlOOOtO 
8. C ECIPOPUO 
5. DIMFNSIf'N   A(10>«SMO) FO1OOO50 
b. r FQtooPb.) 
7. OP   1   J«1,10 EQ I 00070 
8. A(J)     s    P(J1 FG\O00«O 
9. t   CONTINUE EQtOOoflfl 

IP. B F T11B N F 0 IP 010 0 
11. F»!> E 010 0110 

Subroutine HTR 
1. SUPBfMjTINF HTH HTBPpnin 
2. C HTR00020 
3. C *»* THIS SUBROUTINE CALCULATFS APPROXIMATE AVG. HFAT BFCOy^FBY FBDU MTPPPO^O 
J. C *•* k«000 OS HA»K FUELS, IN HTiJ PFB POUND 'WFT' (AS FI«FD BASED HTPPPPUO 

S. C «** ON INPUT DATA AND ASSUMPTIONS. HTBOPOSP 

fe. C HTHOOObO 
7. CUMMflN/iLL/AFMr ( 10) , AHHVMO) ,AwBUflP) , AXFT ( 10) , HTR00P70 
». • HTUm 1"),0ISB( 10), FMTii(iO) ,F ATS( tO), HT9000SO 
9. •  HH^iJf 10) ,H04F(10),HPBF(10),IVSTf10),NYPS(10),PVAT(10),PPTrtO), HTRP0090 
10. •  BAVL M n),BFrVf10),TAIIX (1 .)),T»FS(10),PEP*f 1 0,?0) , HTB00100 
11. • NA| T,N0P1,NYRD(10) HTRP01IO 

1?. C0MM0N/HTP1/ACHL(10),AFAF(10),ASGT(10),ATCA(10), HTR001?1 
1J, • ATRF(10),AvCC(10),AVHC(IO),AVNCtlO),»VOC(10), HTROOI50 
1«. •  CflNVfl 0) ,SGHD( 10),SGU*( 10) , HTROOluP 
15. C HTB001S0 
16. DO 1 J s 1, NALT MTR00160 
17. C *** CAICULATF HFAT ENERGY PFR 'NET' POUND OF FUEL HTR0017P 
1». C «** CALCULATE STACK GAS-HEAT LOSS CAUSFD RY FuEl M01STUPF ANO WATER HTROOISO 
19. C *»*   FPn» HYOROGEN COMBUSTION HTRP0190 
20. SGHw(J)s (970.0 • (,?1?.0 - ATBF(J)) • (0.U6 • (ASGT(J) - ?)?.0))) HTPOOPOP 
?t. •« (AFMT(J) • 9.0 * AVHC(.I) * (1.0 - AF«C(J))) HTR002IO 
2?. C *** CALCULATE STAC GAS HFAT LOSS CAUSED HY DRY GAS AND FxCFSS AIR MTRO0?20 
2J. SGHO(J) * (ASGTf.l) - ATCA(.I)) » (1.0 - AFMC(I)) * (0.?« * ( ( ( AV/HC (HTRP0?5O 
2«. *J) * 8.P) • AvCC(J) * 2.667 - AVOC(J)) / C*.21?)    * AEAF(J) • ( ( ( (A VH T H P 02u P 
25. *MC(J) * «.") • AVCC'J) * 2.667 - AVCC(J)) / 0.252) * 0.7b« • »VNC(HTR00250 
26. •!)) • 0.25 • AVCC(J) * 5.667 * P.22) HTR00260 

27. r •** CALCULATE »CONVENTIONAL1 HFAT LOSSES (PAD1ATI0N, CONVECTIPNi FTC . )«I"0P270 
2*. CO^v(j) i AHMV(J) « (l.o - AFMC (j)) * ACHL(J) HTR002S0 
29. C *•• CALCULATE HEAT wfCOvFBY - «TU /. POUND • *E T • WOOD f'P RARK FlifL NT«002*0 
50. RECY(J) x A-MV(J) * (1.0 - AFMC(Jl) - (SGHW(J) • SCWU(J)* COfcV{J))HTR00JOO 
31. IFruECY(.J).LF.".oooi)PECY(J)sP.OOOl NT R 0 0 S10 
52. 1 CONTINUE HTB0052" 
53. RETURN MTUP033P 
3a. ENO HTP0P3UP 
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Subroutine PHY 
1. 
2. 
5. 
*. 
S. 
6. 
7. 

in. 
11. 
l?. 
is. 
i«. 
15. 
lb. 
17. 
1«. 
10. 
20. 
21. 
22. 
25. 
2«. 
25. 
26. 
27. 
2«. 
2". 
5«. 
51. 
52. 
55. 
5«. 
55. 
56. 
57. 
5«. 
5". 
10. 
• !. 
«2. 
«5. 
u«. 
«5. 
06. 
«7. 
a*. 
««. 
50. 
51. 
52. 
55. 
5«. 
55. 
56. 
57. 
5". 
50. 
6«. 
61. 
62. 
65. 
6«. 
65. 
66. 
67. 
6«. 
60. 
70. 
71. 
72. 
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C 
c * 
c * 
c * 
c * 
c   * 
c 

SijHonuT I Ki   PHV 

THIS   SUHPOUTISF    CONSOLIDATES    AW   PRINTS   OUT   DATA   PFL*TFP    TO    THF 

PHYSICAL    PAC»"FTF»S    (F'JFL    VOLUME    PF QU J RF "F NT S «    HFATIMG    VALUE» 
«FIGHT,    MOISTIIPF    CONTENT)    AND   HUI   FNFRGY   RF OMRFMFNTS--F11F L 
SUPPLY    8tl»k|Cti    IH    HPITISH    4MP    SI    !!•' I T S    (?YSTFUF     I MT F P N A T I D* *l 
P'llNTTFS) 

CnMMfVg/SlL/4F MC (10),AHHv(101,Aw* II (1P),AXFT(10), 
• »Tiipfio),nTSP(io),F°Tiifiin,F«TS(io), 
• MHVM(10).HRAF(tn),HPRF(10),IV$TnP),NYRS(10).PVAT(101,PCT(10), 
• RftVLf 10),KECV(10),TAux(1<V)»TI»ES(10)«DFPfittO«?0}| 
• Mil  T ,«40P1 ,'JyPO( 10) 
CnMMPM/PMVI /4«Tll(10),»FSII(10)»»FKB(10),4SSI CtOJ» 

• PCTA(1P1,PCTR(1P),RKTU(I0)»RCODM0),PDSI(10), 

• RFS1(10),K>
T
S2(10),RHSI(10),QSSIMO),SBU

|
(10), 

ni^FMSTOM DxMC(lO) 
c 

C *« 

r *< 

c *« 

c •* 

C *' 

c *< 

c *' 

c *< 

c * 
c • 
c * 

c * 
r * 

c * 

* * 
* * 

* * 
* • 

l 
* * 

l) 

2 

22 

25 

55 

\ 

r •< 

CAL 
n«M 
C*l 
RhT 

C4L 
4«T 

CAL 
PCT 

r.4L 
PCT 

C4L 
AF« 

CiL 
wen 
CAL 
PwS 
SOS 
CAL 
CAL 
S4L 
»ss 
CAL 
SAL 

ASS 
COM 

TAB 
WRI 

F(JP 

• ETE 
• HF A 
• // 

• /l 
• ' f M 

WRI 

FOP 

*RI 
FOP 

• »' / 
• • (P 
-iWI 

FOP 
«P] 
FpP 

•7«, 
»p I 

4TAU 

FOP 

»tu, 

TAP 

**T 
F(JB 

• Hf t 

+ «T 

1  J» 
CIILA 

C(J) 
Cl'LA 
Jf J) 
CULA 
U ( J ) 
CULA 
M f J) 
Ci'LA 
4( J) 
CHL4 
pf J) 
CULA 
0(1) 
CULA 
If J) 
n.n 
CUL A 
CULA 
FS IJ 
I f J) 
CULA 
FS U 
I(J) 
TIMU 
IE 1 
TF  ( 
M4T ( 

PS' / 
T EM 
OX,' 

I". ' 
MRTU 
TF (6 

HAT f 
Tf (6 
-AT ( 
»»X, ' 
CT 
TF(6 
MAT ( 

TF ( 
"AT f 

•«00 
TF (6 

X(J) 
«A T ( 

' ) ' ) 
IF 2 
n  ( 
MA T ( 

T PF 

(I -<S 

1 »NALT 

TF OPy 

r AF "C 

TE  WMRT 

= UFS f J 
Tf MMWT 
sTAUX fJ 
TF PTT. 

rfCBTUf 

TF PCT. 
=f4RTU( 
TF 4VG. 
BAwPuCJ 
TF PFCO 
rPFCYfJ 

TF PfC'1 

sPECT ( J 
sPCOO(J 

TF PFCU 
TF PECO 
MT 
-MPRF(J 

TF PECO 

NIT 
SHPAFCJ 

F 
OUTPUT 

6,11 ) 
•t',"PA 

1 I X, <F0 

EPGV f>A 
FSSEMTI 

PFOUIPF 
) '»11X, 

.2) (J, 
' ALT', 

'0'/7X, 
«OOO-RA 
PF'/)ux 
»25) (J 
' ALT 

6.55) 
•0 I/IPX 
D-MARK 

, 5 ) ( J , 
,4FSU(J 

'  Alt', 

F»ARK FUFL 

FUEL 

*EIGMT    "OJSTUPF    CCIMTFNT 
(J)/(I.0    -    AFMC(J) 1 
ii   SUPPLIFO   P.V   wenn   OR   BARK   FUEL 
)*HRPC(J) 

II   SUPPLIED    RY    AUX-Al.T    FIJFL 
)*MPAF (J) 

TOTAL     HFAT    SUPPLIED    MY    WOOD   OP 
J)/(PHTU(J)*AOTU(J)))«100.0 

TOTAL    HFAT    SUPPLIFO   BY    AUX/AIT 
.))/{RBTIl(.J)4-4BTUf.M))*100.0 

4S-F1RF0   »»F.IGHT   OF   WOOD   OR   BARK   FUEL/SALES   UMIT 
)/d .o-AFMC(.ni 
VFRABIF HfAT IN BTI.I'S PF» OVENDRY POUMD 
)/(l.O-AFMC(J)1 
VF.PAHLE HFAT IN 
)*2.5,?7« 
1*2.527« 
VFRAHLE HFAT IN 
VEPABlE HEAT IN 

KJOULES/KR. AS-FIRFD 

KJOULES/KG. OVF.NORY 
BILLION JOULES PER RESIDUE FUEL 

OllTPi)T 

6,<1M) 

•0'//Px 
COVFPY • 
) • ,ux 

1*2.527« 
VFPABLE HfAT IN BILLION JOULES PFR AUX-ALT FUEL 

)*2.527M 

ANO FORMAT 

PT III. DESCRIPTION OF ENERGY BALANCE ANO FIJEL P*R 

P FACH ALTERNATIVE  (TABLFS 1 TO U ) ' //2x,'TAHLE 1. 
LANCE ANO FUFL REQUIREMENTS (ANNUAL BASIS)', 
AL ENERGY',IX,'SUPPLUS ENERGY',UX,'TOTAL ENERGY', 
MFNTS',6X,'REQUIRFMFNTS'»BX,'0UTPUT'/15X, 
• (MMBTU) •,10X, '(MM8TU) '/) 
FBTU(J),SBTil(J),BTUB(J),J=l,MALT) 
I2,lX,F16.0,2x,Fl6.O,lX,Fl6.0) 

'ENERGY SUPPLIED BY ', J1x, 'ENERGY SUPPLIFO BY OTHER 
PK FUEL'»5X,•(PCT. OF',6X, 'AUXILIARY FUEL'»5X, 
.•(MMHTil)',SX, 'TOTAL)',12X,'(MMHTU)',6X, 'TOTAL)'/) 
,PHTU(J),P(-TP(J),AeTU(J),PCTA(J),Jsl,N4LT) 

, 12,FI<).0,UX,F'5.1,UX,F16.0,6x,F
,;.l) 

(.•OlUMTITT OF • ,PX,'«.OOO-HARK F IJEL ' » Ox , • 0 THE P FUEL' 
A V4 1 L ABLF • ,$X, »PF.rJliTRFMF. NTS' ,9X, 'REQUIRE MF. NTS '/) 

,PAVL(J),RFSKJ),PFS2(J),TPeS(Jl.RFS1(Jl,RFS2(J). 
!) ,Axf T (.1), Jsj ,NALT ) 
, I2,2x,Fin.n,iK,?A<J,F!2.C,1x,2AU,Fi2.o,lx,A<i,lv.'(' 

T ANO FORM»T ANO FQRM»T 

.•T4HI* P.--*00i1.HAPti FUFL PA9AMFTEPS AND ESTIMATFI 

//6X, 'OVFNOPY *T (L«S) ' ,5X, 'MOISTURE CO'-I T . ' , S X , ' wt 
MUIST'jRF" COMT. V7x, 'PFR SALES MM T ' , U X , • (DRY M BAI 

PH 

PH 
PH 
PH 
PH 

PH 
PHI 

PH 
PH 
PH 

PH 
PH 

PH 
PH 

PH 
PH 

PH 
PH 
PH 

PH 
PH 
PH 
PH 
PH 

PH 
PH 

PH 
PH 

PH 

PH 
PH 

PH 
PH 

PH 
PH 
PH 
PH 
PH 

PH 
PH 

PH 
PH 
PH 
PH 

PH 
AMPH 
-»PH 

PH 

PH 
PH 
PH 
PH 

PH 
PH 
OPH 

PH 
PH 
PH 
PH 

PH 
/ PH 

PH 
PH 
PH 

. PH 
PH 
PH 

PH 
P PH 

T PH 
SIPH 

YflOO 1 0 

Y 0 0 0 2 0 

Y00050 
YOonun 

Y00050 
YOOOfefl 

Y00070 
YOOOBO 

Y0OP9O 
Y00100 

Y00110 
Y00120 

Y001JO 
YOO1U0 
YHOISO 

Y00160 
Y P 0 t 7 0 

ypoien 

roo1RP 

Y0020P 

Y0021 0 

YP0220 

Y00?JU 

Y002U0 

YP02SP 

YP0260 

Y00?70 
YPO?HO 
YOP^RP 

Y0050P 

YPP51P 
YUP520 

YP0J5P 
YP05«0 

Y0P550 
Y00560 
Y00570 
YOOJ«0 
Y005RO 

YOOaOO 
Yooa l o 
YO0U2O 

Y00U50 
Yoouao 
Y00U50 

Y00U60 
Y00a70 
Yooaso 
YOOUOO 

Y00500 

Y00510 
Y00520 

YP0550 
Y005«0 
Y00550 
Y00560 
Y00570 

YOPSflo 
Y00SR0 

YO0600 
Y0061P 
YP0620 

Y00650 
Y0P64P 
Y0P650 

f0 0 6 6 0 
Y00670 
YPo»«eo 

vooeoo 
YP0700 

YP0710 

YPP72P 

• - - - I - • - - 



-------- 

73. *S) ' ,4« , 'PER    SMFS   UNIT ' , 3X, • (*f T    *T   F.ASIS)'/) PMYO073" 
7«. wKITF    (6.U)    (.J.AwPur.J ),PFS1 (•') ,PFS2( J) ,D*MC(J) , AF*R ( n.RFSt (J), PHynr)7ac 
75. •>}FS<>( I) , AFMC f.n ,.ts1 .MALT 1 PHY007Sr> 
76. '4   FnBMAT(-    HT',i;,?)(,Fi).0, •/• , <?A 4 , *X , F 4 . ? , «i,F»>,0, •/», ?A4,8X,F4.•) PHVOOTftO 
77. PHY00770 
78. «PIFE (6,S5) PHY007«n 
70. S5   FORMAT ( »O'/t>X, 'HJGHfR    MF»I    VALUE','    -----   F S T I M A T F II    *F A T    ENtBljPnV 00700 
80. •*   PFC'ivFPy ' ,S( •   -•)/ PHYIIOHCO 

81. »8X« •(8T0/DBV   LFO ' , 4», ' (ftTU/ORY   I 8 J • ,2X , • (P ru/*€T   L") *»*"»* C*»*»8Tti/SPHV00Äl0 
8?. »ALES    INIT1'/) PHVO08?0 
85. *»ITF(6»S)     fj, AHHV(J)»»Cno(.I),HFCY(J).HPPF(J),PFS1(J),RFS2(J), PHV008JO 
8«. +J*1,NAIT] Phvnnsuo 
PS. S FUP-<AT(' At T ' , T2.6X.F6.0, t 1n,F(..0,8x,Fe.0,(l«,F 1^. 1, ' /' ,?A«) PHYOOMSP 
8>>. C *** TARIFS 1 AMD J OUTPUT ANT F'IPMJT PMY00«60 

87. «PTTf (6,66) PHY0OH70 
8«. 66 F(,P"AT  ('1'/////       ?«,'TAH(F.  S.—-OTHFH OR AUXILIARY FlJFl  PAMAM£QHYOOHAO 
80. +TFPS •//7X, • T YPF OF'»3X,'HIGHpR HFAT VAIUF',3«, PHY00*OO 
00. »»ESTIHATtr MFAT RECOVERY '/8x, 'FuEl ', 1 OX, • (

M
MHTU) ', 1 7X, ' (V*HTU) '//)PHY00O0o 

01. WRITE f6,M ( I, AxFT ( I) .HMVUf J ) , AF SU( J) ,HPAF ( J) ,AFSU( }) , J = 1 ,NA| T 1 PHY00O10 
0?. 6 FORMAT (• ALT •, I2,2X.A<.,6X,F8.2, '/' , A U , 1?X,FA.?,'/',Ay) PHYnO°20 
93. WUITF  (h,77) PFiYOOPJO 

04. 77 FORMAT ( •() ' ///?x , • TA3LF ü. «I NTf H*' AT 10NAI SYSTEM (ST) UNIT PE C OV F KPHY ni)04H 
05. »»Ml HFAT fUFRGY FST1HATES'// PHYOPOSO 

Oh. *9X,6('- '), 'ENERGY IN *nPP-HACK FUFL',9(' -'),'OTHFP FUfL - -'/ PHY00961 
07. • ! OX, • (X JOuLF. /«T. ' ,6» , ' (K jriULF/KG* thX , • (PILLION Jfjul E ' . 6X , ' ( P I LI I ON PHY00O7C 
08. »JOULE'/ PMVOOOao 
00. •lOX.'OWY WASIS) ' ,hl,  '«F T aASTS)',hX,'PfP SALES UNIT)',SX,'FfR S A L E PH Y flOOOO 

10(i. *S UMIT1'/) PHVOtOOn 
101. *PITF (6,7) (J.PDSI ( I) ,PHSI(J),PSSI(J),PFS1 (,I),RFS?( '1 ,ASST(J) , PHY01010 
10?. +AES01 J), J = l,MAl T} PHY01(I?0 

105. 7 FuP"AT(' ALT ' , IJ»,ttX ,FH.n, 1X , F » . n , 4 x , F 9. 1 , ' / ' , 2 A 4 , 5 * ,F0. 1 , ' / ' , A4) PMYOIMO 

104. «PTTE(6,H) PHvmnuo 
105. 8   e r.B"A T f ' l ', 'F*;r,   UF   OUTPUT1) PMYOIOSO 

106. PfTlJP\ PHY01060 
107. F.nr PHY01070 

Subroutine RAN 
1. SlIPPOUTINF    PAN f OA T ,>,UK , MAI T ) P A N n 0 0 ] D 
?.C PAN0 0P2d 
3. C    »«*    TMTS   SUBROUTINE    RANKS   FLE^FNTS    IN   THF    APPAY    f 0 A T )    Hy    MU"E»ICA| RANOOOSO 
4. C    ***   "AC-NTTUPE,    AND   CUFATFS    THE    INTET-EP    ARRAY    (M-k)    »1'IC«    IS    THE    (NOEP PANOOOUO 
5. C    *«*    OF    «•••ARMTunF    OF    £|.F>-FNT.S PAM100SO 
6. C PAN00060 
7. DlMfMStON 04T( 10),MPK nnj.DAT AHM KAN0007P 
«.C PAN gOf* n 
0. CALL E^lffATA,OAT) PANOOOPo 
10. NWh (1 ) r1 RAM00100 
11. KK«1 PANP011u 
1?. 00 ? J=1,NALT «AN00120 
13. op j K=1,NALT RAN00130 
1U. IF(PATA(K ).&T .OAT» (»H>) M»K(J)»K PANfini^n 
15. IF (OATA (K ) .r,T .OAT A (KK ) ) KKSrf PAN'OO ,n 
16. I CONTINUE RANQOlbO 
17. DATA(«K)«(«lO,n)*(in.i>*-*?0.0) « A N o n j 7 n 
1«. 2 C f IN T J Ml If R A N 0 018 0 
10. «fTUPN PANOniPO 
(?0. ENI.' PAN00200 

Subroutine RD1 
1. SUBPOliTlNE R01 (V.NYRS.NALT) P0100010 
2. C PO100020 
3. C **« THIS SURROUTINF PFADS ANNUAL CASH FLO« AND PRICE INPUT DATA. R0100030 
«. C ***   ANNUAL ESTIMATES HAY HE READ IN, OR ALTERNATIVELY THE FTPST PP100010 
5. C ***   VEAR ESTIMATE PLUS ANNUAL RATE OF INCRFASE «ILL BE READ IN. RDlOOOSü 
6. C PO100060 
7. DIMENSION V(lO,20),N¥RS(tO) PD100070 
8. C RD100080 
0. 00 3 J'lfNALT RD1000O0 

10. «I r 0.0 R0100100 
11. READ (5,4) (V(J,N),Nxl, 10) PD100M0 
\i. IFfVfJ,?),LT.l.0.AND.V(J,2).CT.0.00001) PI = V(J,?) PD1O012O 
13. IF(V(J,21.LT.I .O.AND.VI I,?).RT.0.00001 ) GO TO 1 RP100130 
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15. 
16. 
17. 
1«. 
10. 
20. 
21. 
22. 
21. 
2«. 
2S. 
20. 
Subroutine REQ 

l. 
?. c 

IF (NYRS(J).LE.105 G^1 TP 3 
REAO (5,«5 (v(J,N),>.xl t,?0) 

IF(V(J,25.GF.I.0.OR.v(J,?).LE.0.05 

CONTTNLIE 

NY s NYPS(J) 
00 2   M«2,NV 
K s N - 1 

V(J,N J s V ( J , K ) * (1.0 • PII 
CONTINUE 
CONTINUE 

FORMAT (10FP5 
RETURN 

END 

SUBROUTINE RFn 

GO TO J 

RDiooiuo 

sntoo ISO 
P010016O 
PPlfOl70 
poiroier 
RP100190 
RPI00200 
P0100210 

poiooaao 
RC1002SP 
PD1002U0 
RP1002S0 

RD100260 

* * * 
* * * «. 

5. 
6. 
7. 
8. 
". 

10. 
11. 
12. 
15. 
1«. 
IS. 
16. 
17. 
18. 
10. C   ** 
20. 
21. C    ** 
22. 
25. 
2". 
25. 
26. 
27. 
28. 

Subroutine RNK 

l. 
2. C 

* * * 
»* * 

RfcGPOOi0 
REQ00020 

THIS   SUBPOUTINf    CALCULATES   HFIT   RECOVERY    »MO   VOLUMF   REQUIREMENTS      RFQP0030 
FüP   *00P   HP   PAPK    ANO    AUXILIARY   np   ALTERNATE    FijELS   PF P   SALFS   UM TWFfJOOOuO 

WfcOOOosn 
COMMON/ALl/AFMC(105,»HHV(t05»AWRU(105,AXFT(t05 , 

• RTUrtJ 10)»f>ISRf lfl)#FHTU(10)»FATSO0), 
+      HHVIM 10),HRAF(in5,HRRFHO),IVST(185,NYRS(101»PVAT(lOJ,PCT(1Ö) 
• P»VLUO),REeY( 10), TAUX(1O),TRE8(105,PEPR (10,20), 
• MALT,N0P|,NYPP(105 

CnMMr)H/REQ1/AFBA(10),CHRE (105, 
00    1    J=1,NALT 

PFCOVFRY     IN    "TIL.TPN    BTU    PEP    SALES    UNIT 
FUEL 
(J5 / (1.0 - AFMC(J)1 • 

RECOVERY IN MLl ION PTU 

AUXILAPY OR ALTERNATE FUEL 
HRAF(J) = HHVU(J) * CHPh(J5 

TOTAl  SALES UMTS OF «OOP PR 
RTUPM5 * AF*A(J5 / HPRF(J) 
TOTAL SALES UMTS OF AUXILIARY CiR AL 
BTUR(J5 * (t.O - AFBA(Jl) / HRAF(J) 

IP(TRFS( F).GT.RAVL(J)5 TAUX(J) r TAUX(J5 • (TPES(J) 

•PRF(J5 / MPAFrjl 

s PAVL(J5 

CALCULATF 

«iifiD OR 

HPPFCJl - 
CALCULATE 

CALCULATE 
T R E S I J 5 s 
CALCULATE 
TAUX(J) = 

Hi AT 
BARK 
( A*RII 
HE AT 

»FCV(.J5 / 
PEP SALES 

(10.0**651 
/ VALUE UMT 

PARK FUEL RF'JUIPEO 

FUEL REQUIRED 

RAVI (J)5 

RAVL(J)5 TRFS(J) 

5. 
u. 
5. 

6. 
7. 
8. 

o. 
10. 

11. 
12. 
13. 
ta. 
15. 
16. 
17. 
18. 
10. 
20. 
21. 
22. 
25. 
2«. 
2S. 
26. 
27. 
2«. 
20. 

• » • 

• *« 

• * * 

* * * 
* • * 

lF(TPfcS(J5,GT, 
CONTINUE 
RETURN 
END 

SUBROUTINE RNK 

THIS SUBROUTINE RANKS ECONOMIC ALTERNATIVES »CCPRPING TO HIGHEST 
BENEFIT COST PATIO. OF ESSENTIAL (PROCESS) HEAT REQUIREMENTS 
ANP HIGHEST HENfFTT COST RATIn OF TOTAL HfAT REQUIREMENTS. 

PEAL IVST.IEXP 

COHMPN/ALL/AFMC(1l)5,AHHV(lO5,AwRU(105,AXFT(l05, 
• 8TUR(10),PISR(1O5,EBTU(lO5,FATSri05, 
• HHVUC105 ,HWAF(105,HRRF(lO5»IVSTn05,MRS(l05.PVAT(1O5,PrTMCi5, 
• RAVL(10),RECY(101,TAUX(10),TRES(105,DEPR(10,20), 
• NALT.NPPt,NYPD(10) 

COHMpN/PNKl/DAT1(in),nAT?(l0),HVAL(10,?05, 
• NRK1 (105 ,NRK2M0),SVAL(10,205, 
COMMON/ECC1/CSAL<lO5,iFxP(lO5,ITCP(105,TXRT(lO5, 

• «CRQ(1 0) , ACST( 1 (5,20) »ANCFf10.20) ,«NCF(10»?0), 
• VCST(tn,205,ECSr(10,?05,CMMP(io,20),A2ERri05, 

• PAxF(l0,2n),PCST{lO,?0),PVAL(10,2O5,i«CPA(lo,?i5, 
• wCRTd 0,?1 ) ,TITL(?0, 1 05 , 
CnMMON/PHYl/ARTU(10),AFSU(lO5,AF*R(in5,ASSIM05, 

• PCTA(10),PCTP(101,WBTU(I05,PCOO(105,RDSI(105, 
• PfSlMn),RFS2(105,RHSI(10),RSM(105,SPTUfini 
OIMENSION BCAT( 105,BCAE (105 
CALCULATE, FOR FACH AIT£PNATIVF, THE BENEFIT 
(RATIO at   PRFSFNT VALUE OF OUTPUT TO PRESFNT 
OIMFNSIPN PVST(IO) 

0') 2 J») ,N*L1 
P A T 1 ( J ) r 0 . 0 

OAT?(JlsO.O 

NYrNYRS(J5 

COST RATIO 

VALUE OF COST) 

RE00006II 
REQ00070 
P E Q C 0 0 P 0 
RFQ00090 

REOOOtOO 
R E Q 0 0 1 1 0 

REQ001JO 
Pf 000 130 
REQO01U0 
RFQ001S0 
R E 0 0 0 1 6 0 
RE 000 170 
REQ001«0 
R E Q 0 0 1 <? 0 
REQO020O 

REQ00210 

PEf500220 
HREÜ00230 

REGC02U0 
REQ002S0 
RFQ00260 

PEQ00?70 
9EQ00280 

RNK00010 
PNK 00O20 
RNK 00030 
RNK OOOuO 
RNK 00050 
PNK00060 

RNK00070 
PNKOO'lBO 

WNK 00090 

RNK001OO 
RNK00110 

PNK00120 
RUK001 30 
RNKOPl31 

RNK00132 
RNKOOt33 
R N K 0 0 1 3 u 
RNK0013S 
R'.KOOl 30 
RNK0013? 
RNK00133 
RNK001SO 
RNK00170 

RNK00180 
PNK 00190 
RH K 0 0 2 0 0 
RNK00210 
RNKOOPPO 
RNK002SO 
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is. C • •* 

3t. c • *« 

5?. 
S3. 
5«. 
35. 
36. 1 
37. c • ** 
38. c »»* 
39. c • •* 
«0. 
«1. 
«2. 
«3. ? 
a«. 
«5. c *»* 
«6. 
«7. 
as. c • ** 

«9. 
5n. 3 
51. 
5?. 
53. 
5a. 
55. 
56. 
57. 
58. 
50. 
60. a 
61. 20 
62. c «•• 
63. c • ** 
64. 
65. la 
66. 
67. 
68. 
69. 
70. 
71. 
72. s 
73. »> 
7a. 
75. 7 
76. 
77. 
7«. 
79. 
80. 
81. 8 
82. 
83. 
8a. 
85. 
86. 9 
87. 
88. 11 
89. 
90. 
91. 13 
92. 

CALCULATE   P 
FOP ESSFNTI 
nu 1 N«1,NY 
DAT1(J)sDAT 
OAT*( J)xDAT 

•))««N) 
CONTINUE 
CALCULATE P 
OUTPUTS T(! 

RESENT VALUF OF ENERGY OUTPUT 
*L AND TOT*t  "EAT REQUIREMENTS. 

l(J)+(MVAl(J,N)*ERTU(J))/((1.0+0ISR(J))**N) 
2<Jj»(hV»LlJ»Ni»FBTU(J1*SV»L(J»N)*S»Tii(J))/((1.0»riTSwt 

Subroutine RUP 

HCAE(J)»-OA 
RCAT(J)s-DA 
RVST(J) I ( 
CONTINUE 
JF(NPP!.EO. 
PANNING OF 
CALL PANfHC 
CALL RAN(RC 
PRINT OUT U 
WRITE(6,5) 
FORMAK'1' 

•///a»,'FIRS 
•EH'/qx,'PRF 
•9X,'HEAT fN 
•,3X, 'OTSCOIJ 
• ' (INCLUDING 
• lnx, 'SUHPLU 
DO 20 J = 1,N 

WRITF(6,a) 
FORMAT(ax,' 
CONTINUE 
PRINT OUT R 
VALUE FOR t 
«RITE(6,la) 
FORMAT(///a 

•rt'/ax, • (RAT 
•ax,'NET CAS 
•2ix,«e/c PA 
00 5 J»1,NA 
K s MRKl(J) 
WRITE(6,6) 
CONTINUE 
FORMA TM OX, 
WRITE(6,7) 
FOR"AT('0'/ 

•TIO'/ax,'PA 
•21X,'R/C RA 
00 8 J»1,NA 
K r NRK2(J) 
WRITF(6,6) 
CONTINUE 
Nrl : 0 
00 9 J*|,NA 
0IF2 i E8TU 
IF(0IF2.GT. 
CONTINUE 
IF(NH.EO.l) 
FORMAT('0'/ 

•ITERTA FOR' 
•T ESSENTIAL 
CONTINUE 
END 

::::>  PUP 

FNEFIT COST RATIO (RATIO OF PRESENT VALUE ilF ENERGY 
PRESfNT VALUE OR COSTS OF MEAT ENFRGY REQUIREMENTS) 

Tl (J)/PVAT(.I) 
T2(J)/PVATU) 
IVST(J) • IFxPfJ) JIVST(J) • IFxP(J) • »CRO(J)) - CSAL(J) 

,11 GO TO 11 
ALTERNATIVES «V MlGMFST PENEFIT CHST RATIO OF MfAT 
:AF,NRK1,NALT) 
:AT,NRK?,HALT) 

ISER SPECIFIED HEAT ENERGY VALUE(J/MMRTU) 

,2X,'PART II.  BENEFIT COST RATms FOR ALL ALTERNATIVES 
T YEAR MFAT ENERGY VALUES (USER SPECIFIEO) Ar:0 DISCOUN 
SENT VALUE OF MEAT ENERGY FOR EACH ALTERNATIVFt • // 
ERGY VALUE (t/MMRTu) ' ,3x,'PRESENT VALUE OF HEAT ENFRGY 
NT'/lOX,'ESSENTIAL',RX,'SURPLUS',ax,'(RASE" ON',1 Ox, 
*,5X,'RATF'/llX,'FNtuC-Y',l IX, 'FNERGY',5X, 'ESSENTIAL)', 
S)',aX,<(PCT.)'/l 
ALT 

J,HVAL(J,H),SVAL(J,H),nATl(J),0AT2(J),PCT(J) 
ALT,,lX,I2,2X,F6.?,10X,F6.2,«)',F10.0,9X,FIO.O,«X,FS,n 

ENEFIT COST RATIO IN RANKED ORDFR OF HIGHFST TO LOWEST 
ACM ALTERNATIVE. 

X,«RANKING OF ALTERNATIVES RY HIGHEST RENEFIT COST RAT 
10 OF P.V. OF HEAT FNFRGY OUTPUT TO P.V. OF AFTfR TAX' 
H FLOW) PASEO ON ESSENTIAL HEAT ENERGY REQUIREMENTS«'/ 
TIO',15»,'REQUIRED NET INVESTMENT'/) 
LT 

NRK1(J),RCAE(K),RVST(K) 

•ALT',1X,I2,?X,F10.2,20X,F10.1) 

/'iX,'RANKING OF ALTERNATIVES BY HIGHEST RENEFIT COST R 
SFP ON TOTAL HFAT ENERGY OUTPUT (INCLUDING SURPLUS):'/ 
TIO',15X,'REQUIRED NET INVESTMENT'/) 
LT 

NRK2(J),PC»T(K),RVST(K) 

LT 
(1 ) - ERTU( I) 
O.OOM. OP. DIF2.LT. -0.0001) NR s 1 

wRITE(6,11) 
ax,»THE RANKINGS RY RENEFIT COST RATIO ARE NOT VALID C 
/ax,'COMPARISON BECAUSE THt USER HAS SPECIFIED DIFFEPF 
'/ax,'HFAT REQUIREMENTS AMONG THE ALTERNATIVES'//) 

RNK(in260 
RNK 00?7u 
RijKn0280 
RNKOn^QO 

JRNK00300 
RNK00301 
RNK00310 
RNK0038C 
RKKOOJOO 
RNK ooaoo 
RNKOO«10 
RNK00U20 
RNKO0U21 
RNKOüUSO 
RNKOOabO 
RNK nnu70 
RNKOOSOd 
RNK00S20 
RNKI10S30 
RNKOOSaO 
'RNKOOS50 
TRNK00551 
RVKO0SS2 
•RNK00553 
RNK0055a 
RNK00S5S 
RNK00SS6 
RNK00553 
RNKOOSSa 
RNK00S55 
RNK00556 
P»'K00SS7 
RNK00560 
RNK00«;65 
RNKOQS70 
IRNK00S80 
/RNK0059(| 
/RNKO06OO 
RNK00601 
RNK00620 
RNKO0*2O 
RNK006UO 
RNK00b50 
RNKOObbO 
RNK00670 
ARNK006P0 
/RNK00690 
RNK00691 
RNK00720 
RNK0073O 
RNK00750 
RNK00760 
RNK00780 
RNKOOflOO 
RNKOOMO 
RNKOOrtaO 
RNKO0P7O 
RNKOORRP 
RRNKOORaO 
NPf K00950 
RNKOO«t)0 
RNK01000 
RNK01010 

1. 
2. 
3. 
«. 
5. 
6. 

THIS IS THE •'AIM SURROUTINE FOR THE COMPAPF PROGRAM.  THF COMPARE RUPOOOIO 
PROGRAM PROVIDES COMPARISON OF ECONOMIC ALTERNATIVES IN SYSTEMS RUP00020 
FOR PROVIDING PROCESS MEAT ENERGY, IN THE CONTEXT OF A FOREST RUP00030 
PRODUCTS MANUFACTURING FACILITY WITH AVAILABLE WOOD OR PARK RljPOOOaO 
RESIDUE FUEL.  THE PROGRAM PROVIDES A RANKING OF ALTERNATIVES RuPOOOSP 
ACCORDING TO THE LOwFST DISCOUNTED RENFFIT COST RATIO. RuPOOObO 

V- --.-_ ^_V^ .-^- 
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7. 
8. 

«». 
10. 

11. 
12. 
I*. 
1«. 
15. 
16. 
17. 
18. 
1". 
20. 
21. 
??. 
23. 
2«. 
2S. 
2b. 
27. 
2«. 
29. 
JO. 
51. 
32. 
35. 
3o. 
35. 
36. 
37. 
3«. 
3<». 
«0. 
• 1. 
«2. 
«5. 
00. 
US. 
«6. 
07. 
08. 
09. 
SO. 
51. 
52. 
53. 
So. 
55. 
56. 
57. 
5%. 
5". 
60. 
61. 
62. 
63. 
60. 
65. 
66. 
67. 
6«. 
69. 
70. 
71. 
72. 
73. 
70. 
75. 
76. 
77. 
79. 
79. 

REAL TVS 

DIMENSIO 
C0M*ON/A 

• BTORM 
• HHvun 
• R4VLM 
• NAi T,N 

COMMON/P 
CDMMON/H 

• ATRFM 

• CONVfl 

COMWON/F 

• TxRTU 
• VCSTfl 
• PAXFO 

• *CRT(1 
COMUPN/P 

• PCTAd 

• RFSK1 
CO»MPN/P 

• NRKH 

T.ITC 
N NCA 
LL/AF 
0),DI 
0),HP 
0),PE 
0P1 ,N 
E01/A 
TH1/A 
0),AV 
0),SG 
FP1 /B 
C01/C 
0).«C 
0,20) 
0,20) 
0,21) 
MY1/A 
0),PC 
0),PF 
NKl/D 
10), N 

P.IExP 
F(10), 
HC(IO) 
SB(IO) 
AF(10) 
C* f10) 
VPD(Io 
FHAdO 

C*L(10 
CC(10) 
H0(10) 
(21),D 
SALdo 
PQ(10) 
,FCST( 
,RCST( 
,TITL( 
RTlldO 
TR(10> 
S2(10) 
ATI (10 
Ra?(10 

,TNRT 
INRT(IO) 
,AHMV(10),ArtBU(10),AXFT(10), 
,ESTuf10),FATS(10), 
,HPPF(10),IVST(10),N.RS(10),PVAT(10),PCT(in), 
,TAIJx(tO),TPFS(10),DEPPf10,?0), 
) 
).CMPF(10), 
),Afc»F(10),ASGT(10),ATCArlO), 
,AVMC(10),AVNC(10),AvOCflO), 
,SGHw( 10), 
(10),NOEP( 10), 
),IExP(lO),]TCPf101, 
,ACST nO,20),ANCF(10.20),PNCF(10,20), 
10,20),C"Mfi(l0,20),A7EP(10), 
10,20),RvALflO,20),KCRA(lo,ai), 
20,10), 
),AFSU(10),AFWP(10),ASSI(10), 
,HBTll(10),OCnn(10),RPSI(10), 
,RHST(10),PSSI(10),SBTU(10), 
),DAT?(10),HVAL(10,20), 
),SVAl (10,20) 

**• READ STATEMENTS 

11 

PE 
00 
PE 
CO 
00 
PE 

• AV 

??  Cn 
on 
AF 

RF 
• AE 

33 CO 
00 
HT 

RE 
• Tx 

00 CO 

C» 
CA 

CA 
CA 

CA 
CA 

t FO 
2 FO 

AO (5 

11 J 
An (5 

NT I NO 
22 J 

AC" (5 

CC( J) 
NTINII 

33 J 
HAf J) 
AH («j 

AF(J) 
NT INI) 

na   j 
uw( J) 
AO (5 
PT(J) 

NTT NO 

LL PP 

1) NALT 

M ,NAUT 
2) (TITLfl.J),1 = 1,20) 

:1,NALT 
3) AFMC(J),AWPIJ(J),RFS1 (,1),PFS2(J),AVHC(J),AV0C(J), 

i AVNC(J),AHHV(J),NCAF(.)),AXFT(J),AFSU(J),HHV0(J),CHRE (J), 

:l,NALT 
r 1.0 
0)  EHTUfJ),SHTO(J),PAVlfJ),ASGT(J),ATRF(J),ATCA(.I), 
ACH(. ( 1),AFBA(J) 

M ,NALT 
lEHTUtJJ • S«TH(.J) 
5)  IVST(J),«CRQ(.J),TEXP(J),CSAl(J).FATS(J),PTSR(.T). 
NOEPf.J),NVRS(J),NYRO(J),ITCP(J),INRT(J) 

PP 
RP 
RP 
PD 
PP 

Fn 

FO 
FO 
0 0 
IF 

Rfc 
IF 

HE 
Cn 

PMAT( 
P"AT( 
PMAT< 

R^AT( 
BMAT ( 

P*,AT( 
7 Js 

(NOFP 
AO (S 

f NVBS 
s NV 

AP (* 
NT TNO 

(VC 
(FC 
(HV 
(sv 
(PA 
(RV 

2) 
OAO) 
5,F«5 
Ft«, 
F10, 
Of P) 
,NAL 
J).N 
6) ( 
J).L 
S(J) 
6)  ( 

,2A«,0(FS),F6,T1,2AO,FS,FO) 
3FS,2Fa) 
2F0,!1,?I2,F9,F6) 

F.9) GO TO 7 
OEPP(J,N),Nsl,10) 
E.10) GO TO 7 

OEPPfJ,N) ,N=1I.NY) 

C 
C *** INITIALIZATION OF STORAGF  »PRAYS 
c 

N0P1 s 0 
NOP? s 0 

PO 9 J»1,NALT 
WCPT(.J,1) s WCR'J(J) • 
-CRA(J,| ) s KCPT(J,11 

NY S NYPS(J) 
DO H N*1,NY 

(1.0 • INRT fJ) ) 

- *CR.]rj) 

-r.-r 

ROP00070 
ROP00090 
ROPOOIOO 

ROP00110 

POP00120 

WllPOOl 30 
U(iP001 00 

ROP001S" 
ROP00160 
ROP00170 

ROP001M0 

ROP00190 
ROP00200 

ROP00210 

ROP00220 
POP00250 
ROP002UO 

POP00250 
ROP00260 
ROP00270 
ROP002SO 

ROP00290 
ROP0 0 30 0 

RI.IP00 31 0 
RUP005P0 
ROP0033O 

RHP00300 
POP 0 0350 
ROP00360 

HOP00370 
ROP00380 
ROPOOJ90 
ROPOOOOO 

RUPOOOIO 
ROPO0O20 
ROP00O30 

ROPOOOOO 
RUPOOOSO 

POPOOObO 
ft(IP(i0o70 
ROP00080 
ROP00O90 

PMP00500 

RUP'JOSIO 
RORO0S20 
RUP00S3O 

PUP 00500 
RIJPP0550 
RIIPO0S60 
«LIP00S70 

RIJPOOSHO 
WOPC0590 

RUPOOhllO 

HUP00610 
POP00620 
RUP006JO 
ROP00600 
p t j P n o 6 5 o 

RljPfiObhO 
PHPP0»>70 
RMPOOfegO 

RCP00690 

»UP00700 
RIIPÜ071 0 

ROP0072U 
ROP0"7^0 

ROP0O7«o 

RUP0Q7S0 
RHP00760 
PUP0077O 

RllPi>07<"0 
RIIP0079O 

PliPOOXOO 

-: .- 
—4 
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80. N* x N • 1 »uponam 
81. C *** C *LCl»L ATF VE ***l Y »OniTtTNAL hORKlhG CAPITAL PEQIUHFMFMS PfP YEA» RliPO0»?O 
82. WCRT(J.NN) s KfPTfJ.N) • (1.0 • JNPT(J)) RUPO0H50 
85. *CPA(J,NN) s «lCRT(J,NNl - WCPT(I#W) HUP008UO 
8». »NCF(J,M) s 0.0 HUPO0A51 
85. • CONTINUE BUI»OOÄ*n 
86. 9 CONTINUE PUP00870 
87. no in JXI.NAIT HupnoHflo 
8«. IF(AVMC(J).lE .0.0) AVHC(J) s 0.06 PUP008O0 
8<». IF(AVOCU).LE.O.O) AVnC(J) = O.al RUP00900 
90. IF(AVCC(J).L*.0.0) AVCC(.I) * O.SO PUPOOOtO 
91. IF(AVNC(J).LE .0.0) AVNC(J) = 0.01 RUP0092Ö 
9?. IF(AHMV(J).Lt.O.O) AHHV(J) * 8500.0 RIIP00910 
95. IF(NC»F( JT.EO.O) AXFTM) s ' Oll« RUP009UO 
9U. IF(NCAF(J).tG.O)    AFSU(J)    «    '««L.' RUP00«5f> 
95. IF(NCAF(J).EQ.O)    HHVU(.J)    s   6.5 RIJP00960 
96. IF(NCAF(J).F.Q.O)    CHPF(J)    x   0.» RIJP00970 
97. IF(NCAF(J).F.O.n AXFT(J) s 'fOA|' RUP00980 
9«. IF(NCAF(J).F0.1 ) AFSU(J) * ' TON' PUP00990 
99. IF(NCAF(J).E0.1 )   HHVII(J)   a   2«.0 RIIP01000 

100. IF(NCAF(J).EQ.1)   CMPF(J)   s   0.67 RUP01010 
101. IF(Nf AF(J).EO.?) AXFT(J) s • GAS» RUP01020 
102. IF(NCAF(J).E0.2) AFSU(.I) * ' "CF ' RUP01050 
105. IF(^CAF(J1.EQ.?) HHVU(J) X 1.0 RUP010UO 
10a. IF(NCAF(J).E0.2) CHRF(J) s 0.76 RUP01050 
105. IF(ASGT(J).LF.O.O) ASGT(J) x 500.0 HUP01060 
106. IFfATPF(J).LE.O.O) ATRF(J) x 60.0 RUP01070 
107. IF(ATCA(J).LF.0.O) ATCA(J) s 60.0 RUP01080 
10». IF(AFAF(J).LF.n.O) AF.AF(J) x O.flO RUP01090 
109. IF(ACHMJ).LE.O.O) ACHL(J) * O.Ofl RUP01100 
110. 10 CONTINUE RHP01110 
111. C RUP01120 
112. C *** CALL »UP SUSPOUTINES RUP01150 
115. C PUPOliao 
11«. CALL OEP RUPOU50 
115. CAIL HTR PHP01I60 
116. CALL RF.I3 PUP01170 
117. CALL ECO PUP01180 
11». CALL PNK PUP01190 
119. CALL PHY RUP01200 
120. RUP01210 
121. STOP RUP01220 
122. END RUP0I25O 

2.5-28-7/83 
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U.S. Forest Products Laboratory 

1 COMPARE—A Method for Analyzing Investment Alternatives in 
Industrial Wood and Bark Energy Systems, by Peter J. Ince, Madison, Wis., 
FPL 1982. 

28 p. (USDA For. Serv. Gen. Tech. Rep. FPL-36) 

i 

i A method is presented that was developed to analyze investments 
in industrial wood and bark energy systems. The method is embedded 
in a computer program called COMPARE. This program provides 
complete guidelines for economic analysis of wood and bark energy 
systems. 
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Errata 

COMPARE: 

A Method for 
Analyzing Investment 
Alternatives in 
Industrial Wood and 
Bark Energy Systems 

>.i 

In figure 1, page 8, of this publication, the entry written in 
columns 2 through 9 of lines 8, 9, and 10 of the data input 
should be 

and not 

as written. 

252230. 

25230. 

The corrected entries will produce the output as shown in figure 3 
of this publication.  The uncorrected entries will produce output 
with different output values than those shown in figure 3. 

Ince, Peter J.  COMPARE—A Method 
for Analyzing Investment Alternatives 
in Industrial Wood and Bark Energy 
Systems. Cen. Tech. Rep. FPL-36. 
Madison, WI:  U.S. Department of 
Agriculture, Forest Service, Forest 
Products Laboratory; 1982. 28 p. 
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